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AGENDA
SPIP - Nozzles

Advisory Committee on Standardization

of Carbon-Phenolic Test Methods and Specifications

U. S. Polymeric

Division of Hitco

Santa Aria, CA

May 16, 1989

9:00 - 9:10

9:10 - 9:20

9:20 - 9:30

9:30 - 10:30

10:30 - 12:00

12:00 - 1:00

1:00 - 2:00

2:00 - 3:00

3:15 - 3:30

3:30 - 3:45

3:45 - 4:00

Welcome by John C. H. Chang
President, Hitco Materials Division

Introduction, Bill Hall

Mississippi State University
Committee Chair

Overview of SPIP Status

Jay Larson, Hercules

Carbon Fibers Oxidation Testing

Round Robin Results

-R. Yost, Fiberite

-T. Day, MTI/W

-M. Towne, Amoco
-P. Pinoli, LPARL

North American Rayon 2nd Source Program

-Dr. TurbaK

-D. Beckley on 0-5 Effort, USP

-L. A. Fikes on NASA Effort, MSFC

Lunch

GPC Resin Advancement Testing

-T. Bhe, ASPC

-F. Bancroft, USP

Carbon Assay Testing

-G. Rubin, Hitco

-T. Paral, Polycarbon

-M. Towne, Amoco

Ultrasonic Testing for Resin Content

-D. Beckley, USP

Review of JANNAF/SPIP meeting on CCP testing

MSFC 34 May

-B. Hall, Mississippi State University

-L. A. Fikes, NASA/MSFC

General Remarks of Test Methods

Eric Stokes, SoRI

4:00 Open Discussion and Committee Recommendations
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D. Beckley

T. Spooner

D. Beckley

B. Hall

B. Hall

My host, Tom Spooner, who Is vice-president and general

manager of the facility here, would like to say a few words

before we begin today's agenda. Tom.

Thanks, Don. You will be happy to hear that my remarks will

be brief. I Just want to welcome all of you to U. S.

Polymeric and to tell you that I believe that this Is a
worthwhile endeavor that you are all working on materials

specifications, test procedures , and so on toward better

materials control. All of you know that this work has been

long overdue In some areas, ancl we certainly appreciate the
effort that everyone Is putting out. I want to welcome all

of you from the many companies participating, Marshall Space

Flight Center, and some of our competitors, so I hope you
enjoy your clay at U. S. Polymeric. I understand that you are

going on a tour later and will have an opportunity to see at
least one vertical treater here and some of our laboratory

facilities. Enjoy yourselves. You are In good hands with

Don Beckley, John Spikes, and Clark Williams, and I hope that

you enjoy your stay. Have a fine day. Thank you.

Bill, clo you want to say anything?

No, I think we have covered the location of the facilities,

so let's go ahead.

My name is Bill Hall. I am from Mississippi State University
and am part of the SPIP program out of Marshal I.

Specifically, this committee Is concerned with the
constituents of the rocket nozzle that is up to the prepreg,

before fabrication Program. 3.2.1 is concerned with the
constituents (the phenolic resin, carbon cloth, filler, and

prepreg) and the test methods, specifications, and test
equipment used to qualify these materials. Our Job is to
look at the test methods and procedures under two

guidelines: (1) does the test method that we use accurately
measure the property that we are trying to measure and (2)

if this property Is measured correctly, does It give us any
useful Information. Both of these criteria must be met

before we are satisfied, and If not, then we should concern
ourselves with the test methods and specifications.

I assume that all of you are familiar with the material flow,

the materials for the prepreger. We will start with the

prepregger. We have two--U. S. Polymeric and Flberite. They
both use three materials In prepregglng--carbon cloth, a

filler, and a phenolic resin. As we take the cloth back to

the beginning, we have Avtex in Fort Royal, VA that makes

the rayon. Lou Ann will talk to us this morning about the
efforts to have a second source for our rayon precursor.

Weaving is done by one company, Highlands, at Cheraw, SC.

The woven rayon then Is shipped to one of three

carbonizers, Polycarbon,Amoco and Hltco; they all carbonize,

then supply the two prepreggers in various amounts. The
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O. Herman

two resins, one which is furnished by Borden, and the other

IS furnished by Ironsides. They both use their own

proprietary fillers, which are now very similar In properties.
Are there any questions about the flow sheets.

For some of you this Is your first meeting and for your

Information, the entire proceedings are taped, transcribed,

and typed. Then each of you are sent a copy of the minutes

In order that you can correct your part of the minutes and
return It us. Then we print the final product; therefore, we

need oodles of all handouts that you use--all view graphs,

charts, or anything that you use--so that they can be

placed In the proceedings. Are there any cluestions before

we get started? Joan West will be handling all the

paperwork and the typing, and she will be calling you if

there are any questions about your Dart on the program.

She will pass circulate the sign-up sheet. Normally, we get

your name, address, and telephone number, but this time we

would also like to have you put your fax number under your
phone number because sometimes It Is more convenient to
fax.

As I Indicated earlier, we are a part of the SPIP program.
The general contractor for SPIP is Hercules, and Dick Herman

of Hercules Is going to bring us up to date where we are on
the SPIP program at this time.

Bill asked me to do a general summary of the status of SPIP
nozzles. It strikes me as I took around the room that

anyone in here could probably do a better Job of summarizing
where the SPIP nozzle program Is than I can. I am filling Jay

Larson's shoes today since he Is tied up In a proposal,

commonly known as NRA Initiatives. I think all of you know
what Is going on there. The end of the month Is the time

limit for the proposal.

The SPIP program, as envisioned by people such as Marion
Kitchens, NASA headquarters, had within it seven Initiatives.

The objective of the program Is solid propulsion reliabil ty

and has been established to Improve the success rate of U.

S. solid rocket motors by Improving the basic engineer ng
understanding and capabilities of the system. The seven

initiatives were initially established Included nozzle and
bond lines. As we all know, both have been funded

and Hercules Is Involved in both of them. The composite

case and the joint seal programs have not been, and

probably, will not be funded. They both received wide

attention from Morton-Thlokol earlier. Programs funded

within Marshall are the propellants, combustion dynamics, and

verification. To Implement the SPIP nozzle program, we

looked at three major areas that we commonly refer to as
how to design It better, build It better, and inspect it

better. These major areas are further delineated as Task

3.1--Mater lals Character Ist Ic, Design Analysis, and
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Capabi I It les--How to design it better using a better

knowledge of consistent materials and models; Task 3.2--

Calls for better understanding of the manufacturing process

and the process vat lability; and Task 3.3--Product

Evaluation and Verification--How to insDect and test what

you built. You want to see If you have built It the way you

wanted to build it through NDE, Instrumentation, and the use

of simulating test beds. We organized the team with

Lockheed and Dr.Frank Waller of Palo Alto, heading Task 3.1--

Materials Characterization Effort. ComDanles working with

him Include Boeing, FAA, PDA Engineering, Atlantic Research,

Kaiser, Acurex, and Southern Research. Task 3.2, Is run by

Ed Hlggs at Hercules. Ed will be retiring at the end of this

month and will be replaced by Jay Larson. Helping Jay run

initiative 3.2 include Lockheed, Boeing, Atlantic Research,

Southern Research, Hitco, Flberlte, U. S. Polymeric, PDA,

Southern, SAIC, and FAA. Task 3.3--Product Evaluation

Verification Is being run by John Schrader of Boeing, and he

Is being helDed by Lockheed (Lockheed Aerospace Systems),

FAA, and PDA.

When I accepted this Job, I was told that probably my biggest

challenge was to try to keep these 15 or 20 very capable

and sometimes very Independent team members from all going

the same direction. That has not been a problem. If

anybody deserves credit for the results of this program, it

has to go to all members of our team and to all of you in

this room. I can't thank you enough. Both Hercules and I

express our appreciation to each of you for helping make

this program work.

I will give you a little more detail on Task 3.2.1.1, although

I'm sure that many of you know as much about It as I do.

Task 3.2.1.1--Const Itute and Prepreg Testing and Test

Methods Assessment--is being headed by Pat Plnoll at

Lockheed, Palo Alto. The objective of the program is to

assess current methods and Identify any needed

Improvements. The method by which those needed

improvements and methods will be evaluated will include,

among other things, round-robin testing. The status today

is, as Pat has Identified, five tasks Involving four

constituent tests. The test methods defined, as of today,

are In many cases considered to be inadequate. There may

even be some cases where there are some testing procedures

that are unsafe, and one of the examples cited is the DMF

method and a question about carcinogens. The next task Is

monitoring a second source of rayon activities, and we will
hear more about that.

To cover the Investigations, Pat has completed a

schedule. Detailed discussion of the five task forces is the

subject of this meeting today. With completion of the work

that has been identified by Pat In 1989, we are expecting to

do additional tests and investigations in 1990.
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D. Beckley

D. Herman

P. Plnoll

D. Herman

P. Pinoll

P. Pinoli

Task 3.2.1.2--Carbon-Carbon Exit Cone Technology Is being

headed by LIz Emery of Hercules. The objective of the task

is to identify three carbon-carbon exit cone technologies

that have the greatest potential for development. The
method of evaluation will be by completion of questionnaires

by 11 fabricators. Many of you in this room have completed
these questionnaires. The answers will be summarized, and a

scoring system will be developed which will be used to score
the various procedures and processes that are usecl by
fabricators. The results and recommendations resulting from

that study will be submitted to NASA In July, 1989.

At our last committee meeting, there was a strong emphasis
on CVD densif ication and Hercules made an initial

recommendation for a CVD denslficatlon process. You guys

were to come out with recommendations for total PPG.

The Intent of this program, though, was to lay out a

facility down at Marshall and the idea was to make a
recommendation as to what kind of facility Marshall should

put in place to allow them to develop the activity for the
future. I was somewhat concerned that the emphasis seemed

to be coming out of this quarterly with the strong

recommendation for total densification capability.

We are driven by many things, Including the availability of

funding at Marshall Space Flight Center. There Is a mid-

term review scheduled during the week of June 19 at Marshall

to see what the faci I lty wll I look Iike and to get some

feedback as to whether or not this Is the facility that is

perceived to be affordable. The preliminary design has both

LOPIC and CUD denslflcatlon capabilities.

My concern ts that most exit cone manufacturing companies

use primarily CVD In thin shell structures and NASA needs

this capability. Thick c/c components, however, use liCluid
pitch or thermoset resin clensJ f Icat Ion which rec[uire

additional equipment.

I believe that I am certainly hearing what you are saying,

and the cluestlon would be "is there, In the scope, something

beyond thin-shell exit cones under consideration?" If you

are talking thick hardware, the general understanding ts

that we do not get CVD as deep as we want It in thick walled
structures; therefore, the facility, If it is going to be

usable, needs to be able to go several ways.

That Is not easy to do without greatly exponating the

proposed facility eClulpment needed. I agree that CVD
denslflcatlon must be recommended, but It would be a mistake

to limit the capabilities that NASA should have.

Well, is there any coordination to what you are clolng?
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L. F Ikes

P. Plnoll

L. F Ikes

P. Pinoli

D. Herman

P. Plnoll

D. Herman

I dO not know.

IS NASA totally Ignoring the Issue c/c parts to be densified

i.e., exit cones, ITE, etc.?

I do not know. You will have to ask somebody else.

I was Just curious.

It Is not something that has totally been ignored.

The Edwards Astronautics lab expressed a similar need for a

c/c facility; they got It and now they need industry support

to operate It.

The status of the 3.2.1.2 program as of this week Is that we

have received answers back to our Questionnaires from 11 of

the 13 fabricators; the summary of their answers has been

completed, and this week Liz Emery will be Fedexlng packages

to the people who are going to do the scoring; there are

some in this room who will receive those packages this week.

We are going to be pressing very hard to answer all the

Questions and Inviting you to a meeting at the end of the

month. The date has not been designated when we will all sit

together and review the total results and make sure that

everyone understands the Questions, the answers, and what

the final recommendations will be. That report, in rough

draft form, will be clue out in June, with the final report due

In July.

Task 3.2.1.3--PAN Selection--Is being headed by Char lie

Heyborne. The objective of that program Is to identify

the PAN based material systems. A system for applications

to the exit cones and thrusts are being considered

separately. The selection method is to down select, based

on literature search, to twelve candidate materials for both

throats and exit cones. Those candidate materials will be

fired in three 2-Inch throat nozzles at MSFC. FM-5-55 will

be In each firing to be used as base-line data. The status

of that program today Is that 4 throat candidates and 6

high density and 2 low density exit cones candidates have

been selected. Six materials are at Kaiser, being
fabricated. Those materials will be delivered to American

Automated for inclusion in the nozzle. The design of the

nozzle Is complete, Including the Instrumentation. American
Automated Is on schedule with the manufacturer of metal

parts of the nozzle; Nasa Is preparing for the first of 3

tests in July, 1989, provided that we can support that test

schedule by delivering the first nozzle. The last firing will

be In October of 1989. At the end of these firings, we will

clown select to the 3 candidates and go on to the next level

of selection using the Hercules Brutus motor.



6

T. Bhe

D. Herman

T. Bhe

D. Herman

D. Beckley

T. Bhe

D. Herman

D. Beckley

Are those the mechanical properties used In the down select

data. Are those the high temperature data?

Those high temperature data are the part of the Inittal
selection of the first prepreg materials.

In the last 3.1 meeting, It was brought out that there is no

standard procedure for performing the mechanical properties
test. east test laboratory uses different test geometry,

method of heating up the sample In testing the tensile

property of the composite.

Yes, there are data. We hope to improve that. Final ly,
Aerojet Solid Propulsion Company Is on board today In the

name of Scott Brown. They are preparing to support us with

cure cycle work beginning immediately after the first of the
3 nozzle tests. All of this should come about in the third

quarter of 1990.

Dick, I would like to comment at this point. I cannot say

this with a large degree of finality, but I recall in many of
the small motor testings that preceeded all of the work that

basically fills our understanding of materials performance,
when we were in small motors, 2 Inches and under, there was

much misleading data generated because we heat slnked the
nozzle Itself In the test area directly to the steel case.

Essentially, that became a water cooled structure. What

happened was that we ended up with materials that had very

high conductlvltles, and that is, In essence, where we are
headed. A number of these looked excessively good and did

not even generate an unacceptable charring because the

conduction was so great. It was not until we insulated the

throats, significantly, or until we got Into the 9-inch motor,

where there is no longer any Insulation provide to us, that

the true performance of the materials showed up. Now, my
observation of the 2-Inch nozzle, unfortunately, indicates

that this looks like a repeat of that other history. I hope

I am wrong, but I am concerned that as an evaluator of what

Is going to happen, we may be setting ourselves up to make a
selection that will not really work out In the long run.

If someone wants a reference, we can return to citing some

firings that once were done at Sacramento. Basically there
was a standard material test holder which was either a

paper phenolic or silica phenolic (approximately a 2-inch
thick Insulator); the test insert dropped into that can.
That was the mechanism used in a 3/4 inch throat to

essentially Isolate the material from the test beds.

Don, your concern is valid. At this point we are doing

comparison testing, using FM-5055 as a base.

Okay.
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D. Beck lay
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J. Thomas
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D. Beckley

D. Herman

D. Beckley

D. Herman

B. Hall

P. Plnoll

A. Turbak

P. Plnoli

The rationale for this suggests that this will be an good

test; we have B or 8 materials in 1 nozzle throat.

But the material with the largest sink will run the coldest

and, essentially, will look the best. Later on you do not
have that sink available to you ancl things have a habit of

turning around. That Is all I am concerned about. We neecl

to be able to read through the results or at least factor in
this sink Issue.

Is Brutus the 2-Inch throat you are talking about?

No.

What size Is It?

We will be able to go to an approximate 7 to 7 1/2 inch
throat. We will fill it up, about 20,000 pounds of propellant.

It Is kind of analogous to the JPL, only taller.

Yes.

I do not believe the comment applies to Brutus as It does to
that 2-Inch motor.

Brutus has been used about 6 times.

questions or comments?

Are there any other

Thank you very much, Dick. As Dick Indicated, Pat Plnoll is

the principal Investigator from Lockheed on the particular
section of the SPIP that we are dealing with. Pat will

Introduce the 4 areas that we are talking about today, plus
the second source.

Before we get started, I want everyone to recognize that we

do operate this meeting in an open forum setting. Please
feel comfortable; do not feel that we have too much decorum

here. If you want to get up and get a cup of coffee, please

do so. The Idea Is to exchange data, have a good time, feel

free to say what you want to say. You can always correct

your taped Input later.

The keeper of the tapes says "No you will not."

We want to allow everyone to address the technical issues

up front. Do not worry about it too much. If you have a

cluestion, please ask it directly and do not wait until later

when you forget about It and put It off. This is an

Interactive type meeting; feel free to move around ancl feel
comfortable.

I want to Introduce you to the activity on the oxidation

rate testing. For those of you who have not been to a



previous meeting, I will give you some background as to why

we are doing this particular testing ancl what we are looking

for. Task 1 revolves around a test procedure that was

introduced into the shuttle program about 2 years ago (as

an engineering test). The Intent of the test was to measure

the oxidation rate of carbon fabric to ensure that carbon

fabric which supported combustion did not get into the

program. We had some material very early (approximately 5

years ago) that got Into the program that behaved something

like this (Fig.l). This is 5250C some Isothermal oxidation

rate data. You can see the weight change of material being

heated up to 5250C. In this case we programmed 3 minutes,

up the temperature. The Initial weight loss Is rather high,

going up to 5250 C. The rationale for that is the loss is
adsorb moisture. At 5500C, a linear oxidation rate was

exhibited with a rapid decrease as the surface area

Increased. After essentially 30 minutes of temperature, the

matter was totally gasified. The engineering test

Incorporated into the procedure was to monitor the carbon

fabrics that were coming into the program to ensure that

this type of material did not get into ablative nozzle parts.

Typical CCA3, CSA and VCL, with a moderate to low sodium

level will provide fairly good oxidation resistance. WCA is

fired much higher and provides excel lent oxidation

resistance. I might throw in another caveat. We did a large

amount of experimental work on this fabric which shows that

in a solid rocket nozzle exhaust environment, this material

Is not that sensitive to mass loss because the exit gas

coming out of the nozzle is primarily reducing in nature. We
found that the cut off point, with respect to the sodium

level, is something like 1600 Darts per mill ion. Unless you

exceed 1600 parts per mill Ion, you could not measure a

difference in mass loss weight with respect to the sodium

level.

Next I will present results of some round-robin testing

which we initiated about 6 weeks ago. In order to get this

program running, I wrote the standard procedure for the

Perkln-Elmer equipment. We used Perkalloy as the calibration

metal samples of fabric in to short lengths, about 1 mm long

and usecl glass vials to protect the sample from

environmental exposure. Lou Ann, do you have a sample vial

that we might show people? We sent out the series of 9

samples each to 4 I ai0orator I es--Mor ton-Th Ioko I, Fiber ire,

Lockheed, and Amoco. We tried to reduce variability of

samples sent to each laboratory by cutting a large batch of

each carbon fabric in to 1 turn long filaments, mixing the

batch, and, finally, Introducing each batch of chopped fiber

Into glass vials. We then considered the boats that we used
for the TGA. At Lockheed we had seen some effect from the

platinum boats (conventional for measuring PGA), and we felt

that there was a catalytic action by platinum with the

carbon specimen. So we went to a quartz boat (the standard

material that is used in conjunction with academic carbon
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testing). We sent out quartz boats to everyone who was a

part of this test program and tried to ensure that the

amount of material being tested was within some bounds (4 mg

was a reasonable amount of packing Into the small boat). We

required that everyone fall within the guidelines that were

indicated and provided a small device to prepack all the

filaments Into the boat. Essentially, we took a very small

glass tube, placed the filaments Into it, packed them down

into a preform, then preform was transferred Into the boat.

This provided a specimen consistency with respect to aspect

ratio and how the fibers are packed Into the boat. Then we

had to make sure that everyone used the same type of clean

air In the test apparatus, and we extended the heating time

to heat up the sample from 3 to 5 minutes. We extended the

heating time from room temperature to 5250C from 3 minutes

to 5 minutes to provide better rate control and prevent

temperature over run. We felt that there was a possibility

of getting some overshoot. The formal test procedure that

all the laboratories followed Is enclosed In the appendix.

The test is designed to measure the total mass loss after
30 minutes at 5250C. In addition to this data, however, the

TGA plot provides the mass loss associated with heat up

from room temperature to 5250C. This loss factor is

primarily residual volatile (water) in the carbon fabric

sample.

At thls point, I will turn the program over to Rob Yost from

ICl, Tempe, Arizona. Rob will talk about round-robln results.

Just as an understanding--are you starting your zero point

after that 5-mlnute Induction time? Is that zero weight?

Yes. The data that we are using for Interpretation is

strictly the 5-to 35-minute time zone.

I am not sure that what these data represent are not taking

the Initial 5-minute loss at the zero starting point.

We took the 9 samples that Pat prepared and ran them

through the 5250 C test (Fig. 1). We performed 2 runs after

our instrument was brought Into calibration. We have no

data for CCA-3 lot 42063 because we used the sample up on

previous testing. We are seeing a much higher weight loss

for the CSA North Hollywood material than for the other

samples, and the run-to-run reproducibility of the testing

IS less than Ideal. Previously we had done 10 repeat runs

on each of the 10 samples and found a relative standard

deviation of 5 to 8 percent. This data was run before we

had calibrated the instrument properly.

Rob, would you review what each of the 9 fabrics represent?

I failed to do that Initially.

At this point Pat, I believe that you have actually answered

the question as to which samples were which.
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Is there any reason why your run 2 Is always higher than

your run 1?

We performed the run 1 tests on all the samples and then

went back and performed the run 2 tests. There may be some

day-to-day variation In the Instrument that caused the run
2 to be higher.

No, recognized reason...]

This TGA that we have Is very sensitive to furnace height.

The temperature the pan sees Is not necessarily the same

aS the recording thermocoupl e. If the length of the

hangdown wire changes after the Instrument is calibrated,

the cal Ibrat Ion Is no longer valid even though the

thermocouple output to the computer has not changed. We
performed the 5250C Isothermal tests the first time and

compared our results with Pat PInoll and found our weight
losses were double his. We tracked clown the source of the

differences as Improper calibration (wrong furnace height),

corrected the furnace height, and reran the samples giving
the data shown in Figure 1.

P. Plnoll

R. Yost

P. Plnoll

R. Yost

This is new data, then, as opposed to the Initial 10 runs.

Yes, this is new data. The old data was generated using a

calibration procedure which uses Perkalloy and alumel as

cure point standacls to calibrate the temperature response

In the software. The hardware Itself Is not real ly

calibrated In this procedure, only compensated for. To get
around the problem, we decallbratecl the software ancl ran

the Perkalloy at different furnace heights and determined
where the hardware was in calibration. At this point the

software was calibrated using the two standards, and the

results of the calibration and testing were much better.

Rob, did you talk to my people with respect to furnace
height?

The Perkln-EImer service engineer recommended that we vary

the furnace height and monitor the results. It looks like

the furnace height will be a critical parameter In this tyDe
of testing. Pat also asked me to perform the isothermal
weight loss test at 4570C. His thoughts were that the rate

of oxidation would be different at the lower temperature and

might be a better discriminator of Door stability fiber. The
weight losses were much lower at 4750C than at 5250C as

expected, and ,again, the North Hollywood material was much

less stable than the other samples; the WCA was much more

stable, and the others were In the same neighborhood as

each other (Fig. 2). Again, the same pattern was observed:
run I was lower than run 2.
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What about your furnace height that you corrected?

All of this data was run after the furnace height was

adJusted to the proper height. We had run 90 tests before

we discovered how critical the height was, and It was very

painful not to be able to use that data. We performed
another experiment to answer the question of how the

temperature of the Isothermal holcl affects the weight loss.
The holcl temperature was varied from 4500C to 5400C In 10 C

increments on CCA-3 lot 42352 and the data Is shown in

Figure 3. The curve Is smooth with no knee point(s) and is
headed up In an exponential manner.

You need to point out that these mass loss values were

generated over a temperature range.

We were complaining very loudly about the fact that the TGA,
when clecallbrated, was reading 530Oc for the cure point of

Perkalloy when it should have been 5960C. The software

calibration was having to correct the temperature response
curve by 600C to bring it Into calibration, and I thought
that was ricllculous. I wanted the hardware to be much

closer to the actual temperature before the software had to
correct the curve so that the Perkln-Elmer service people

salcl to adjust the furnace height. We then ran an

experiment adjusting the furnace height using Perkalloy to

determine the proper furnace height.

The data that I have seen at 4750C suggest that we still

have a problem with respect to laD-to-laD variability. The
variability at 4750C is less, but so Is the mass loss values;

therefore, the co-efficient of variance remains about the

same. Your "activation energy" run data was interesting to
us and we found our data plots out on semi-log paper very

similar to yours. The slight off set suggests a small
calibration difference.

Do you think that varies from day to clay?

Probably not. That Is why I think we see some clay-to-day

variation. If the balance hangclown wire gets little kinks in

it, it may change the height of the sample In the furnace

which will change the temperature the sample is at. It may

De changing all over the place, causing test temperature
variations in an unpredictable manner. We did not seem to

have any problems with static or fugitive fibers. Our weight

lOSS curves were very smooth (no Jumps in the curve) which

Indicates that no fibers were Jumping out of the sample pan,

and the furnace was not hanging up on the side of the
furnace. In that respect we seem to have a good test

procedure.

P. Plnoll Some of our TGA curves exhibited extensive chatter.
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We have an 800 pound bench top that the TGA sits on which

IS very stable and helps minimize the chatter in the curves.

We are working with very small samples, 4rag, and we were
concerned at Morton-Thlokol that the ftbers were blowing

out of the boat Itself. That should give periodic, very

sharp drops in the TGA plot. Unfortunately, what we were

seeing In our data was a lot of up and clown chatter which

Indicated to me that the fibers may be Jumping up and down.

It Is Interesting because It gave me the feeling that there
may be some other forces Involved; It could be that

desorption gasses were coming out or air flow pulses were

developing.

If we see any chatter In our data at all, it is at the very

beginning of the test during heat up. We normally see a

small rise In the wright possibly due to convective currents
Inside the furnace due to driving the temperature up to
1ooOc minimum.

Rob, the bottom line, though, Is do you feel more comfortable
with the new procedure providing meaningful data?

Yes. I think that we have success In a test that tells us if

we have horrible fiber or more acceptable fiber. I do not

know whether it would be appropriate to set specifications

on the fabric at this point.

What would you recommend that we do next to follow up on
this?

I think we need to track fiber through a test firing and try

to correlate the TGA test data and any other testing with

the performance of the finished material. If the TGA test is

significant then the ablation rates of material should be

related to the TGA weight loss. At this point, we do not

have enough data to decide If it Is.

As long as the test can discriminate a North Hollywood
fabric, then I can be satisfied.

The only thing that you can do Is decide which of the test

temperatures Is the one that you feel comfortable with.

I was reviewing the parametr Ic study clone on North

Hollywood process and Its sensitivity of showing the same

thing In the TGA, but I don't know if you remember the data.

Essential ly there Is an Increase in through-put of a

significant amount which caused the TGA to do just that--it

Just fell away into the low weight retention thing (a drop of

number degrees centigrade). Did you do a -100 or -200?
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What do you mean?

study?
Do you mean through the parametric

My point Is that I think the data for the first time (the TGA
data of the exper Iments) shows the data for the TGA in

explaining or showing up a material that would otherwise

have passed the existing spec altogether. In other words,

we had a good carbon assay, but it did not have the thermal

stability of the standard typical material. So, to help

processors and convertors not Inadvertently to get Into
that area, I do think that the TGA has value at this point.

Don, was that not a use of a high sodium content, though?

No. This was the parametric study, Jim, where sodium

content was not really an Issue. If you run your process
faster or you run your process at a lower temperature, both

of them produced a high sodium content Instead of a weight

retention of what we are seeing here (either 2% or 15 %

weight loss); they produced fibers like the North Hollywood
material that basically hacl the O to 20% retention. There

will be a marked difference If you get the process way out
of kilter. I hacl never seen any other test data that showed

that as graphically as this TGA data.

I clo not remember hearing him explain that.

I have the material with me today where his earlier

explanation came from so that we can look at during break if
anyone would like to.

Jim, to add to your comment--I think we have a three-fold

consideration: the amount of surface area present, the

accessibility of that surface area to oxygen, ancl sodium
content r at Ion.

Are you addressing crenulatlon, Pat, when you say "surface
area"?

No. That is a minor contribution to surface area, but

crenulatlon lobe voids create higher permeability.

That Is not a bag of worms that I think we need even visit.
(group discussion)

Okay, Miles, It Is now your turn to discuss Amoco data.

Pat, refresh my memory for a minute. I cannot remember

what this North Hollywood stuff Is. I think I have heard you

say that. What is Its significance?

The significance of North Hollywood material Is that it is

Involved in both STS-8A ancl 17B. The two worst cases of

pocket erosion were connected with this material.
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Management at NASA was quite Impressed with some of the

TGA when they saw that this material had such a Door

oxidation resistance. That was one thing they zeroed In on

and it scared them. All of the other parameters we talked

about--low carbon assay, high surface area, and moisture

adsorption capacity--are treated as a puzzle. No one

understood how they Interacted with the performance of the

material. The material will disappear at a very low

temperature in air; that Is frightening.

When you talk about testing, I think you will find that when

you take the same material and put It Into a different

environment, you will not get the same results because the

same material tested at Morton-Thiokol will not yield the

same results as if it were tested at Marshall. It can be

misleading because of the difference in sample size.

By using the current MTI specification procedure, we have

shown that the results cannot be duplicated.

Not only the development of the North Hollywood material
with a sodium content but also at least high surface area

were the sole cause. I Just do not want to go out and

Indict a material merely on that basis because of the many

manufacturer problems that would go along with that.

I think that It Is Important to note, Jim, that the 2 worst

cases Of pocket erosion were with North Hollywood fabric.

That is all I am saying. I do not think there Is anyone here

who feels comfortable with using a material with such a poor

oxidation resistance; we want something better, and I know

we can get it. The only thing we are looking for is a

discriminator test that ensures that you do not allow poor

oxidation resistant fabric to enter the shuttle program.

I think that TGA Is probably moving In that direction, but I

do not think we need to adopt TGA testing Just yet as the

savior for the problems of high sodium and oxidation rate.

I think there Is some understanding to go along with that.

That Is a good Introduction. I think TGA will probably

Identify North Hollywood material. I have several problems

when you try to assign It a number and use it as an

acceptance test between lads. I will begin today with some

excerpts of a recent talk presented 10y one of the Amoco

people at GE entitled An Accelerated Oxidation Test for

Oxidation Resistant Carbon Fibers. TGA was one of the

studies done, and the conclusion is that the TGA cloes not

distinguish the way you want to distinguish; there are

problems with it that I will discuss later on in the program.

We use the DuPont not the Perklelmer because we have the

DuPont. One of the things that we found when we were trying

to get started with this Is that we were having trouble with
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the eClulpment--gettlng the temperature up. After several
false starts with the equipment people, we decided that we

would Just heat up the furnace, Insert a sample Into It, and

then we would get a rapid rise In temperature (we did very
well In 2 to 2 I/2 minutes). We Inserted the sample Into the

temperature anti got this temperature rise (Fig. ). One

of the things, the low fire examples, lost a lot of moisture
clurlng heat up in the first 2 to 3 minutes of the test. We

had to alter the procedure. We also wanted to address some

other things, ancl I clld not want to use Pat's samples for

this. I clld not like the Idea of chopping up the samples and

packing them In because, to me, It Introduces an unnecessary

variable. We studied, some years ago, a 1983 vintage VCL

that happened to have this much sodium in It, and we did the
test at 25 cc per minute to 5250 C. We cut a standard

diameter disc, the weight of which Is about 3 grams rather

than your 3/10 of a gram, out of the fabric with a cork

borer. (several talking at once)

Approximately what size cork borer did you use, Miles?

It is an 8ram.

3 mg.

Yes. (group discussion) No, 16 rag. Our unit has a standard
platinum pan. Earlier today Pat discussed the concern of

our oxidation of carbon with the catalyzatlon of that

oxlclation reaction with platinum. None of our people at
Parma bellevecl this. We did It (Fig. 2) at the standard 25cc

per minute, and we clid duplicate runs--putting that disc In a

platinum pan. These are duplicate runs, I think, done on

different days. We also felt that In oxidation test (spelled

out In Bernard's report), when you are up In this range,
oxidation Is so fast on some of these that you get limited

cllffuslon You are not measuring the rate of oxidation, but

you are measuring the availability of oxygen to complete the
reaction. So we went to 1OOcc per minute, and we got more

oxidation, again very reproducible results.

We thought we would take a look at aluminum to see if that
made any difference. We usecl aluminum pans and we got a

little more than we clicl on the platinum (Fig. 2) I am not

sure why we got a little bit more.

Then we went to Pat's little boat, the little crucible. The

sketch on the board Is a quartz ring that Is about 6 mm in

diameter, a loop. We took Pat's little crucible, set it in
there, and we did the test. We cut up the filaments, so this

was similar to what Pat sent us. We ran the same 25cc and

we got 38.8% weight loss on this (Fig. 2). As you can see,

there Is certainly not much difference from platinum. We

feel that this really does not tell us if there is a

catalyzed reaction going on.
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We were concerned about how that crucible would affect the

availability of air around the sample while it was being

oxidized, we took the disc and laid It across the top of the
lOOp SO that now there was no confinement and It had a

ready supply of air. You have a reproducible sample, and we

clld quite a few of the tests that way. If you will look (Fig.

2) we did get what we expected, a little bit higher, though,
where It was a bit more confined.

Is there any evidence that ....

NO.

That was my only concern.

I think when you do It In the disc, Pat, these things stay

together pretty good If you handle them ....

Are you worrying that sodium Is maybe not a big driver?

I do not think that the difference between 150 ppm ancl 1000

would be very significant. Now, here is the comparison of
the results (Fig. 3), and this is Pat's crucible. These are

all the numbers that we can compare now with raw data, but
it IS with a different piece of equipment. There Is some

variability here that If I thought these were the same

materials, I would say we were handling them differently.

Packing them Is one way that we are handl ing them
differently. I was concerned about that. These two are the

same; the North Hollywood is gone In 10 minutes. The VCX 13

was lowered minutely; maybe we had .10 of a percent or

whatever with the M/CA. In comparison with an 8mm disc
fabric disc, that we set on top of this loop, we felt that we

had more control of the samples. The polycarbon, CSA
materials, all come In very close. One CCA material is a

little different (Flg. 3). This one showed up higher in all

other series of testing that I have seen. So, I think there
Is a difference between this one, CCA-3 42099 and these
two.

We also looked at the 4750 C, thinking that at least in

that there might not be a difference in the 475. We did not

do all of them, but we did one. These numbers are higher
than what Rob showed. Again, In his curve, If we plot our

numbers here, we are lying at a higher level.

In other words, you had an offset.

Yes, we had an offset. Again, this Is a very good
distinguisher here (Fig. 4), and a difference here. We wanted

to take a look at chlorate at 475 with a 25cc per minute at

a 100 on this one sample after the Initial loss. We had 5.2
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percent loss In 30 minutes at the 25cc and 6.2 and there is
still a difference.

Miles, the first number compared to the original number in

Figure 4 are repeats.

This Is a a repeat of this. We took out the initial loss,

which I think Is a problem and how to handle that moisture.

Is this single point data?

These are all single point. We were rushing at the end, Pat,

after we got things rolling. 1 want to hit on a couple of

other things first. One, you probably have seen this from

something I did several years ago, and this Is something
that you were talking about. Figure 5 shows a range of

oxidation. This is circulating air hanging in an oven and

this Is the type of test that Is proposed finally, in this

paper that I distributed earlier.

Was this Bernard's?

Yes. I dlcl this, which I think is the same one except that we

are missing the 1090 ppm9 (Fig.l). I think that that is the

same VCL. Figure 5 denotes 3 differences ; I do not think
that we are talking about too much here. This was the STS-

8 type material that was shooting off, very easily

distinguished in a test in the 24-hour range. The test that
is recommended In this paper Is the 16 hour test that can be

run overnight. The way that that test is run is in oxygen

because we are talking about more oxidation resistant

fibers. They did 72 samples at a time, so from a production

standpoint, It Is a very easy test to do.

Have you had a chance to run multiple or different amounts
of samples In the same oven? In other words, if you load an

oven up with 70 samples or you run 3 samples, do you get
different numbers? Our experience on other testing would

indicate that that might be expected.

We have plenty of air coming Into this. In case of the
oxygen, one that they recommend, Don; they actually were

concerned about fiber flight and we had to put up screens in

the system. But the oxygen flow rate is indicated to be

very high.

This Is a larger sample, right.

Yes, this Is a piece of fabric that is about 2 to 3 inches
square, and this is the material that we now call VCX 12,
which Is Just fired at approximately 2000 higher. WCA in

this test still shows you nothing. I think that this Is the
kind of test that could be appropriate on these materials.

Now, the one that discusses in his paper will be



18

D. Beckley

M. Towne

D. Beckley

M. Towne

D. Beckley

M. Towne

D. Beckley

M. Towne

D. Beck ley

M. Towne

J. Thomas

M. Towne

J. Thomas

M. Towne

J. Thomas

M. Towne

J. Thomas

M. Towne

available when we get this out. By the way, this test is one

that was developed for the General Electric high

temperature fiber appl Icat Ion. Celanese, Hercules, and
Amoco have all been Involved with this at GE and have clone

some round robin type testing to see how applicable that is.

So, the curve was off the 375, and they settled on 430 and

are testing pan materials?

Yes, In oxygen for 16 hours.

Not enhanced oxygen, just air?

No. Oxygen.

Pure, circulating oxygen?

Yes.

Now you have a test cost of oxygen.

It was needed for the oxidation of the fibers to find out

where pans fit. There was a big difference between that ....

Was your other curve, the VCL curve, In air?

Yes. I think that for the kind of materials that we are

talking about here, air Is very adequate.

Miles, did you say you were doing one sample per test?

When It Is done In the oven--I think they are doing 3

samples each time--this will show you (Fig. 6) a lot of
materials. There are 2 levels in the rack and there is

obviously a difference of about 1 percent here, but that is

pretty small compared to the data In Figure 5.

Normally, you did one sample per test?

When I did those ....

Would not that change the test results and give us more
material than you have indicated here?

In the test that I showed earlier, the VCL in air, those were

triplicate samples and I had 5 or 6 different samples.

I know, but you said 3, and that Is what

Yes, the oven had more than that. We always Included the

sample of the same material from run to run for comparison.

We had to make sure that the temperature was the same

because If there Is a couple of degrees difference in an
extended test, it would cause different results.
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This Is not 1 material, but 2 positions top and bottom and 10

or so In each one In a range of 7 to 11, so Is either number

Just as good?

Yes, we are talking about 6 to 9.

How were yOU protecting the samples from fiber loss?

They wind off a couple of layers to make sure that there Is

no possibility of contamination; then the layers are wound in
little piece of equipment that makes It so that there Is

about 3 grams and these.The lays are handled with gloves;

they are put Into the oven and dried, first, to make sure

that the starting point Is the same. These are quickly

weighed and replaced In the oven and the oven height goes
up and down. This technique Is discussed In Bernard's

paper.

But that Is only appropriate for fiber?

Yes. Actually fabrics are much easier because you can just

hang tJe fabric on a hook.

But getting a difference between 7 and 11 would kind of
bother me as, you know, if the acceptance level were 9.

Don, I agree. That Is a pretty good spread.

I will have to take a look at the paper again. There may be
difference In the fibers. I know that that Is the case in

this one and you get a difference here between 105 and 100,
but those are different there.

How does he treat the sizing.
he burn It off?

Is It unsized material or does

He burns it off In the drying. It only takes a few minutes.

What temperature ts that?

I think he uses 4700C. We have seen excellent results of

4700C burn off, Indicating that 5 minutes at that

temperature is more than adequate to remove all the sizing
on the carbon fiber.

That Is In the paper. Now, back to the TGAs on the DuPont

and what we considered reproducibility. These are 2 of the

CSA samples that tell you what we were able to do (Figs. 7 &
8)with our temperature and the method that we were using.

(placing two overheads on top of each other) This Is our

temperature curve for 3 minutes and once we were able to

get this thing going, we were able to hit that temperature

again, right on the button. These are 2 of the different
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samples, CSA 0539 and 0567. The DuPont furnace is pretty

hot when samples are Introduced, but we thought that the

reproducibility Is pretty good.

Pat talked about the buoyancy effect and the crucible.

Looking at the VCX material, which has very little moisture

on it, you get this Jump. When you have (several talking at

once about Fig. 9). This Is one of the CSAS where you have

moisture and have washed out the buoyancy effect and you

are Immediately Into this weight loss; on one of these

others here, I think I show that effect more dramatically.

We took the derivative curve to see what was happening; this

was VCL which, of course, had some moisture,, and we were

able to pick up the buoyancy effect. But this is the

rate of weight loss, which, as you can see, occurs by the

time we are up to 3500C. This Is one of our earlier runs

using the Pt pan technique.

If you had predryed the specimen, you would have predicted

the buoyancy effect to be greater?

It would look like the VCX. WCA was the same. I think that

is my story. Pat, I think that the reproducibility between

labs Is going to vary because anything we did differently

created a significant difference In the results. We heated

everything exactly, but the results changed whenever we

changed the procedure.

We have definite Indication of high lab-to-lab variance.
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Miles, Is It a recommendation of yours to consider the

larger sized hanging specimen In air circulating oven as an

In lieu?

I think the largest size specimen In the air circulating oven

Is a better test. I think that If you are going TGA, 1 would

recommend something like this where you do not do anything

to the sample except cut a uniform sample so that It is not

Interfered with

We still may have expected that the TGAS would have offsets.

But, I think that It might minimize them, Just looking at the 3

CSA materials when they are different when they are packed

In the crucible.

What would be your explanation for these differences?

I think then that your packing Is going to be different and

your avai lability of air around the sample would be a

variable.

I have to admit that I like Miles' sample procedure since all

of my previous work has been on 2 x 2 inch squares. Do you
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remember that, Gene. We put them Into aluminum dishes, Into

a dead air oven and measured weight loss. We found that it
was an excellent discriminator between fabric specimens, and

we could easily track the firing temperature of the carbon
fabrics. We never looked at the complete picture as to

whether we were tracking firing temperature alone or sodium

level and/or surface area. The firing temperature

Influences all of these aspects. I never felt that the

oxidation test had to discriminate exactly why the behavior

was different. It simply was to Identify that there was a

behavior difference. I might also comment that all this data
is fresh. I have not seen Miles' data beforehand, ancl it

presents several surprises. This is the first time that I

have had a chance to see It, and we are going to have to

digest it.

To give you some feel for LPARL data, I'll try to go through

this quickly. We made 3 series of runs at Paid Alto. The

first series gave us single run data. We got this sequence,

which is relatively low, from the other data presented (Fig.

2). Subsequently we decided to make another series of runs.
Trlplloate runs made in over a perlocl of two days developed

pretty good data with respect to standard deviation. But,
here again, if we compare our data with everyone elses, we

are offset. The general trends, however, are always

present. We get the North Hollywood material which is very

high In oxidation rate; I do not think that I have seen the

same trend that Miles was seeing with regard to the CCA3

having a slightly higher oxidation rate. Instead if anything I
am seeing that our offset Is slightly higher.

Among the three, the same one Is

I am always Intrigued with fact that the VCX 13, Just by
going a little higher In temperature, dramatically effects
the oxidation rate mass loss values.

Pat, based on that data there, North Hollywood, If you
Just had that laid In front of you, would you say that all

the others were acceptable for use?

Oh, surely. I would say that these 3 samples are comparable

to these (Fig. 3).

Where would you start rejecting?

talking about?

What range are you

The reject rate may be at this level here (Fig. 4).

the material we are concerned about.

This is

Is 50 or 60 unacceptable?

That has to be established and must be related to the

Isothermal temperature we use.
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Jim, you have to is being used come back and say whose piece

of equipment at that point. 50 or 60 on one might be the
same as 20 on another.

Before I continued this 525Oc test work, we reduced the

temperature. I think that the 475 clara Is better. This Is

the third series of tests that we ran, ancl since we have

only single run data, we do not have standard deviation (Fig

5). If we show the same standard deviation data that showed

up In the ICI tests, then this is a reasonable discriminator.

We can definitely say that North Hollywood fabric is

significantly different than the 3-CCA3 and 3 CSA fabrics.
VCX 13 Intrigues me because It Is not significantly different.

Yes, but it Is, than what I got. almost double.

That Is a higher ....

It Is flrecl about 100 to 2000C higher.

It should have been similar, Jim, to the view graph that

had with the 3 higher sodium ancl the one clown near the WCA.

I am not going through all of this data because we are
running behlncl schedule, but this Is the first run plot, what

I call the resiclual volume level for the samples (Fig.6).
Frankly, I made no attempts, when we prepared these samples,

to control the environment of the samples prior to packaging

them Into these glass vials. They were cut In the ambient
lab conditions, packed into the vials, and sent out.

Apparently In doing so the North Hollywood material had an
ability to pick up more water. This 7.69 percent represents

at least 90 percent water. The other fabrics picked up less
than 3 percent water.

Is this the same that had the same high weight loss also.

It makes it suspect. It Just does not behave.

The Initial 5 minutes of heating WCA actually galnecl weight.

As the sample Is heated, the air In the furnace Is lighter
and provides a slight Increase In specimen weight.

Is that buoyancy effect less than all these materials?

It Is Interesting that you should bring that up. This is a

typical TGA curve that we get and the buoyancy effect that

we are talking about here (Fig. 7). You have to keep in mind

that that buoyancy effect Is being off set by the loss of

water In the sample. In our last meeting in Utah, I was

Intrlguecl with the fact that North Hollywood fabric dicl not

reflect a strong buoyancy effect. What this suggests to me
is that the moisture in this material is not only higher, but

It Is also having greater difficulty diffusing out. It has to
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clo with the mlcroporoslty and the nature of the activated

carbon structure. Possibly one of the problems that we are

dealing with with this type of fabric Is not only does It
have the tendency to trap or adsorb more moisture, but that
moisture Is also retained for a longer period of time during

the firing condition. When it is released, it has reached a
higher temperature and possibly exhibiting a higher pore

This Is North Hollywood material In lot 1100 that went into
material.

This is part of roll lOB of the polycarbon parametric study.

This was not made at

It was designed by Polycarbon.

(inaudible)

In passing, I want to make 2 comments with regard to side
studies that have been performed. One of them was to look

at the Issue of flow rates and Impingement of the air on the

sample itself. The P/E apparatus has a small Jet stream

that brings air directly Into the sample. The flow rate of

air Is controlled. We Investigated the effect of higher air
flow rate on the sample and found very little effect on mass

loss rate.

He also looked at the fiber aspect ratio. We were concerned

that if we prepackecl the sample to make a preform, then

filaments are broken up and the aspect ratio changes. We

made 2 runs in which he really worked the material very

heavily and broke up the filaments. Essentially, the results

indicated very little cllfference--29 vs 30 percent weight
loss,

The occlusion that Is availability of surface air to the
sample, Miles, open disc vs packed sample seems to produce
different numbers.

I continue to feel that we are working at a very sensitive
5250C. When the temperature Is reduced, I think that we are

going to reduce some variable effects. It Is hard, at this
point from the data that I've seen, to discriminate run-to-

run effects that we are Interested in looking at. I think

that If one sample Is run today and another is run tomorrow,

there Is enough variability to mask some of the effects. I

belleve that the platlnum catalyzatlon effect Is probably

one of those things belng masked out in the Amoco data.

There Is a lot of data here. Has anyone plotted this to try

to determine If It Is over temperature?

P. Pinoli The activation energy analysis, yes.
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From that you should be able to discover whether you have a

different mechanism cracking at 525, and also you should be

able to know whether you have catalyses problems.

I am sure It Is going to work out that way, and work is under
way to use that approach.

Has It come up yet?

It will work out.

I am sure you have picked It up, but It will give you the

exact point where your mechanism changes.

The temperature curve Is a klnd of parabolic thlrd order. It

does not seem to have a break.

If you were to plot that a different way, though, you may
get a crack In your 1 over t-curve vs weight loss. At that

point you have a different mechanism coming in to the weight
loss.

I appreciate that. I think that that Is the way to
investigate the fundamentals.

It Is entirely coming In If you get 2 kinetic rates.

important for you to know that.

It is

The activation energy of the carbon oxygen reaction is well

known. YOU are right.

But whether It Is going Into formaldehyde or to CO 2 or CO
will tell you Immediately from your activation energy.

If I can fincl my plot that parallels what Rob did, , I'll get

off the podium. Basically I attempted to duplicate what Rob

did, and if you look at both plots, you will see that they
look about the same. What we have to do Is look at the

activation energy of each data set ancl compare pre-

exponential factors.

You have a problem because you must have catalysis coming

In. That would tell you that either residues in your fibers

or something else is causing the catalysis, which Is critical.
YOU have not picked It up. I think that this will held you.

It looks to me like you have too much (inaudible) around 5

Yes., I will be doing some work on that.

It is critical for you, If you are going to exceed that
temperature, that you get a far more rapid.degradation.
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I guess that It Is my feeling that you should stay below

that critical temperature and Increase the time so that you
can have a better differentiation.

If you are sure that you are not going above that

temperature, then ....

Then you are not missing critical data.

In natural performance, then, you are kidding yourself. The

other thing that should come out of that Is that if you do
not come out with 21 kcal per mole, then you know that you

are In catalysis. If you come down lower than that in your

curve, then you know you have a catalytic effect of some
kind.

Miles, In the old carbon and graphite handbook of Union

Carbide, there is an activation chart for various fibers. It

Is like an Appendix to the carbon and graphite monolithic

materials, and it shows activation temperatures for WCA,

VCK, and so forth.

I will have to go back and look at that.

Pat, I have a cluestlon. SPS9B-218A (inaudible), starting with

218A (inaudible) have you seen anything of this type that

shows sensitivity to that material?

No.

I think you are down Into the (Inaudible)

The performance difference there should have been something
other than the material because there was no material

change during that period and the pocketing disappeared. We

can credit the fabricator with making Improvements.

The point that I want to make Is that if 8A had not

occurred, then the pocketing that occurred on 9B would have

been a significant enough occurrence to be There Is no
reason to determine that.

I do not think the test by Itself would solve any one

particular problem, but It Is contrived to try to keep us out

of a catastrophic problem.

It certainly would distinguish between North Hol I ywood
material.

Yes. No one wants to put that kind of material Into a motor.

My only concern about this Interpretation Is that a lot of

what people perceive as pocket erosion, to me, reflects

wedge out (the two components coming together and having
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short plies). People would look at that and not say it is

pocket erosion. I think that the mechanism for failure is

different. I am talking about material that is lost within

the confines of the part itself. The thing about 17B that

Intrigued me Is that the regions that . pocketed were
distinctly North Hollywood material. The material right

above it, CCA3, looked great.

We need to take about a 12-minute break.

Dr. Turbak, a consultant to Morton-Thlokol and NASA on this

particular effort,will now speak to us.

I thought I would build up some background. If It is
Inappropriate, because I did not know what the group wanted

at the first meeting, then stop me. I would like to open with
a disclaimer; since I have signed a non-disclosure agreement

with North Amer loan Rayon, I cannot talk about their
conditions. Anything you hear me present Is strictly from

the published literature as a way of correlating data.

Let me start off by helping you realize that we are not

dealing with a synthetic polymer; it Is not a melt. We are
dealing with a natural polymer and, in fact, in terms of

composites, you go right back to the source. You start with
wood. This is cross-section of wood (Fig. I). You have these

fibers In wood stuck together. When you isolate any one of
these tiny fibers and look at it, you have what they call a

tracheld. It looks like this, about maximum of 2 1/2 mm long

(Fig. 1). When you look at a cross section across that fiber

that IS 2 1/2 _ long at the outside, here Is what you find

(Fig. 2). Namely, you have Nature's composite. Wood is

nothing but Nature's composite, and what Is in there,
essentially, Is a number of different areas. There is a

lumen (the cellulose layers) and a primary wall. In among the

primary walls; holding them together and between the

trachaeds themselves, there are the glues (the matrix

elements for the fibers). These are the fibers. The l ignin

and the hemlcellulose are the matrix materials holding the

fibers together In a composite sense . The hemicellulose is

not cellulose, and it has nothing to do with cellulose. You

do not want It, but It is in there, and this is the way

Nature keeps the tree from falling over. The Ilgnin is the

structural glue that keeps the tree from hitting the ground,
and the hemis do the same thing. In a microscopic level, you

find that you have a layered structure In the fibers--the

pectins or the different hemlcellulose, the xylose, and the

cellulose. Figure 3 shows the different layers.

We have 3 components In the wood Itself and those are what

we have to worry about when we chop the tree down. The

first one Is the hemicelluloses, depending on whether you

have softwood or hardwood. You have a different type of

hemlcellulose structure. You will have a group known as
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xylose or arablnose The only difference between glucose,

manose, and galactose ts the positioning of the OH groups.

These are very closely related, and all have different
structural properties as a result of these OH relationships.

But, the hemlcelluloses are not good for you. They produce

totally different burning structures. This Is Iignln, the

matrix that you try to get out (Fig. 4). It is really a very

simple building block when you break It clown chemically. When

this is oxidized, the result is vanilla. All of your vanilla

flavoring in America is made from the oxidation of Iignin
from one mill.

At the pulping mill they try to remove these IJgnJns and

hemlceiluloses; they depend strictly on the fact that these

various components dissolve differently. There Is somethin_
unusual about cellulose. More cellulose Is dissolved at 0 u

than at 25 ° so that cellulose Is more soluble in cold than In

hot caustic. This point Is Important because you do not
want to remove a lot of your cellulose. At 1000 , some

cellulose comes out, but It Is a breakdown of the cellulose

In the hot caustic; it peels out.

That goes against the grain for chemical engineers.

Yes. That is very much so. It Is very Important to realize

that cold caustic Is far more effective In swelling and

dissolving cellulose than hot. The whole trick to making a

high, purity pulp Is to control the conditions in the pulping.
Nature provided us a DP distribution of pulp In cellulose.

The $10 and $18 fraction comes out; $18 is I lgnins and
hemlcelluloses. The more dilute the caustic, the more it

swells and allows more material to come out; therefore with

a 10 percent caustic, up to 100 to 150 units DP of cellulose,

pure cellulose, plus the Ilgnins and the hemlcelluloses, can
be dissolved. With 18 percent the cellulose Is not

dissolved and a separation occurs. When pulp Is delivered

at S10 minus $18, this means two things: the mill Is taking
out the low ends plus the hemls at $10, and at $18, only the

hemlcelluloses are being extracted. This test can also be

used on the fibers. The hemlcelluloses can coming out with

an $18, which Is not problem (Fig. 5).

How Is the degree of polymerization actually measured?

They do that with a Cuene IV, but there are a number of

ways. The one that Is taken Is to dissolve cellulose with

cuprlethylenedlamene, which forms a complex with the 2-3

hydroxyl positions. Viscosity Is measured in this manner.

What does the amount of caustic soda do for you again?

By your controlling the amount of caustic, the point of

maximum swelling of cellulose In this curve is at or around 8

or 10 percent. At 10 percent, The hemlcelloses and the low
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end eel luloses are removed. Hemlcel luloses are not

eel luloses.

Does that give you a better molecular structure or what?

It removes different levels of Impurities. You do not want

too many low encls left in there, if you can help it (Fig. 6).

Then what you are saying Is that It gives you a better pure

product?

Yes. Figure 7 Indicates the purest cellulose you could have

In terms of distribution. So, the whole trick is to take this

impurity out without creating more low ends. The RIO Is what

remains (Fig. 5).

This Is a typical, conventional Kraft paper pulp where no

attempts are made to remove the low ends because the goal

Is to sell pounds. You have an unbleached stock in which you

have basically the $18 (gives you the hemlcelluloses); you
see that that Is a lower number than this (Fig. 6). The

numbers of a typical Kraft pulp (paper pulp) run into this

range (Fig. 6). If you purify that pulp, (dissolving pulp like

that used for rayon) those numbers clrop from 10 percent

clown to 4 ancl 2 percent, if you are lucky. Now, at 2
percent you have very pure pulp, but someone Is paying for

all the material that was thrown away, namely the rayon

manufacturer (Fig. 7).

But, that Is an up-front charge for a viscose manufacturer.

Yes. He has to buy a decent type of pulp. Remember that I

told you that wood is a composite with Ilgnlns chemically

linked to cellulose, so you have to break them apart. There

is only one way that you can break the lignins free--you
have to have some kincl of an acid-period of cooking to

cleave the I lgnins from the cellulose and to cleave the

hemlcelluloses You will fincl that there are only two ways to
free the hemis. One way Is by a sulflte cook,a fairly acid

cook. You will find that you do make some pulp with a 1oi-

sulphite cook, which Is wide open, but it causes some losses;

the other way one Is to go to an alkaline cook for the
prehydrolyzed Kraft. The straight Kraft merely means that
sodium sulfate Is added and then cooked. That will never

cleave out the lignlns, which is what you really want to do.
Therefore, you steam hyclrolyze it (put In steam and cook it

Up). Then the steam breaks off the acetic acid that Is on

the hemlcellulose anti generates an acid atmosphere in the

cooker. This Is cooked and the I lgnins gets loosened so

that a prehydrolyzed Kraft gives a very nice dissolving pulp.

If hemicelluloses ancl some of these chlorinated lignins

remain in 1 percent, (they clo not anti cannot remove them all

yet they do chlorinate them when they bleach the pulp).

They build up in the caustic later on when you make the
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viscose because you steep the first stage of viscose and

steep this pulp to swell It. The chlorinatecl Ilgnlns are

undesirable. During viscose preparation, they are sucked

out into the caustic liquor which is not discarded because it

Is reclroulatecl. It Is important to see If these are in a

rayon product.

In a regular mechanical cooking, paper pulp yields this much

(Fig. 8). When you have the semlchemlcal, at 50 percent, you

get a bleached chemical In this range (Fig. 8). Almost 55 to

60 percent of your product Is discarded at the start and is

what the people have to pay for up front.

Figure 3 depicts what pulp looks like. A 2 1/2 mm fiber,

magnified, shows all these lines in here. Ancl this Is what

you are trying to dissolve. Then these are the cellulose

bundles stuck together. The viscose process needed to make

rayon depends on the use of cellulose (a 6-memloer sugar and

a beta link). The 6th position Is a little more stable in

reactivity and a little less klnetically favorable (Fig. 9). in

the viscose process, you are primarily taking insoluble

cellulose from the tree, purifying it, making a soluble

derivative by reacting it with caustic to make soda

cellulose, and then reacting that soda cellulose with carbon

disulphide to make a xanthle acid (Fig. 10). You are making a

soda cellulose and then putting CS 2 in there so that you are

esterlfylng the cellulose with CS 2. That lOUtS it In solution.

Then you mix an agent and after you filter It, you ripen it.

When you ripen It, these xanthate groups (which were on

positions 2 and 3), break off and either they go to 6 (which

Is thermodynamically more stable), or they go to by product

by reacting with the caustic that Is in the solution.

Originally, a derivative is macle that klnetlcally favors the

2 ancl 3 position, and when filtered then rlDenecl goes to

the 6. This is clone so that If It cloes not go to the 6

position, you have a difficult time in coagulating and

regenerating this gooD. It must be ripened so that many of

these groups move from the 2 and 3 positions to the 6

position, or It will not gel or congeal properly.

Herein lies the challenge of how to do the reaction properly.

The first step in the reaction process Is to steep in 18

percent caustic, which will remove all the hemicelluloses.

Then that is reused. The pulp is shredded aged clown to the

proper degree of polymerization. You begin with at least

1000 DP and want It to be down to around 300 or 400, so you

have to age It. Then CS 2 Is added to the mixture and it is

xanthated; it must be dissolved, filtered and ripened and

the air removed.

To what degree does the tree that begin with play In this?

What is the source tree?
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It makes a lot of difference In their process If the source

tree Is hard wood or soft wood. The hardwood fibers are

much finer; they do not have as much S 2 wal Is, and they

drain differently so that you get a different build up of

Caustic residuals. It is a process problem more than

anything else.

Once you have a general classification of trees, and we

think we are dealing with the softwood groups, what

difference does it make If the trees are from Maine, South

Carolina, or Florida?

As long as you stay with softwoods, you will have the same

type of hemlcellulose and the same type of Ilgnin because

there are different I lgnins In softwood trees. There are

more methyl groups in a hardwood tree than a softwood tree.

It does not matter If as we were discussing 20 year old

softwood In Maine or an 8 year old softwood in Georgia. I

think In that sense, a 1olne Is a pine.

Can you have one tree or two different trees in the same

family and clone another company's material.

An individual needs to be careful not to mix hardwood and

softwood, even though sometimes mixing Is done on purpose in

order to help the drainage, at this point. An example of why

they do this is that if a mill is having trouble with

drainage, they will put in 10 percent of a hardwood to help

this drainage because that Is the only thing that they can

do.

Say that you have company A that makes cellulose or rayon

with softwood trees from Canada. Then you have another

company that wants to clone that product in South Carolina,

using local pines. Can that be done?

It can be matched to a great degree.

The company will have to alter their process, temperature,

time, caustic extraction, and whatever else. I do not think

that everyone here has hacl a clear picture on that Issue.

The other thing that Is Important Is that there are certain

sequences of processing at a paper or pulp mill. The mill

normally uses what Is called a CEDED system (chlorine dioxide

extraction on purification). When you chlorinate you

chlorinate the Ilgnlns, if a certain Indirectly has a strong

chlorination step, then not only the chemicals in the

chlorination step but also any chlorinated Ilgnlns that go

out to the creek are undesirable. The mills are changing

from the first-stage chlorination to hypochlorlte, and most

of the Ilgnlns and the hemls are non-chlorinated. To the

extent of heavy chlorination Is used, much of the chloride
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can remain In the pulp which will get worked into your

caustic system.

I am glad to hear you say that. I saw some evidence In the

original work that I did on Avtex material in 1976 that

indicated chlorine was present.

That could have been added as a chloride in the finish later

but, basically it could be part of the Ilgnln, too. You would

know If you had the original sample before the finished

extraction.

I had assumed that they bleached the product

They bleach It at the pulp (several talking at once)

In the process In Figure 10, when do you know where you are

with your viscose? How far along in the process do you

have to be to determine whether you have the right

treatment?

You will not know that until you get the fibers out. What

you are trying to do here Is to control the DP. For

example, if I wanted a DP of 400, I would have to age it less.

This Is an alkali cellulose, loaded with caustic, I would leave

It In there, in the little canisters, which is what the

pulpers basically do to try to keep the CO 2 out. They

aerate it; there is plenty of air in the cans and much

depends on how long the AC Is held. Fifty units would be

lost later on when it Is xanthated, no matter what you do.

To get a 400, you would come to 450 here and lose 50 in

xanthatlon. Figure 10 Indicates where the CS 2 would be

added, thereby making the xanthate. The extra caustic is

squeezed out and then comes the dissolving step. All of the

hemicelluloses and Ilgnins remain In the process, tf you find

that there are too much of the hemlcelluloses and Ilgnins in

the final viscose, then you are not dialyzing. You should

dialyze the caustic before you use it for dissolving

purposes. If you have more than 2 percent hemicelluloses,

then you find that fiber will be reJected. The more hemis

you put back in, the more brittle the fiber becomes. It does

not perform. You cannot make a decent filament unless hemis

are much less than 2 percent. What you want as a standard

Is 1.8 + 0.2, maximum. Then, after you have deaerated, all of

this ripening Is to prepare for the proper amount of

coagulation when It hits the bath.

You want to xanthate at a very low temperature because

thls Is an equilibrium process. Each time that you 10ut on a

CS 2, that Is called a degree of substitution, a gamma number.

A gamma of 100 means that you have one CS 2 per glucose

residue. A gamma of .50 means that you have one for every

other glucose. You want to hold this as xanthate sulfur

with a high gamma, but if you xanthate at a high
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temperature, the same amount of CS 2 gives you a lower
gamma number, by far, and more by-product sulfur. With 50

you get only about 18 to 20 percent by-product

(trlthlocarbonate), which produces gasses later on when you

go to regenerate the fibers. You do not want to leave too

much of this Inorganic sulfur because that Is not helping you

to dissolve the fiber. The point Is to get the xanthate

onto the cellulose, not Into by-product formation.

Figure 9 depicts what happens when you start to ripen

viscose (that ripening process that rearranges the CS 2 from
the 2-3 to the 6). You will make the by-product sulfur

because some of these will go to by product, not always to
the 6. It will hit a caustic molecule before it hits the 6

pOSition. This tells you that there is xanthate sulfur in
the final viscose as it spins, and it will start dropping as

you leave It over a period of ripening time. The ripening
time is in hours, so your viscose will change some. But

notice what happens to your salt index (the amount of salt

that It takes to coagulate this). It is easier to coagulate
as the groups move from 2-3 to 6. The salt Index drops The

longer you ripen the viscose, the more the xanthate sulfur
will go to by product or to the 6 position less salt will be

required to coagulate and congeal it. The top will be like

Jelly; the bottom will be a lot harder. Somewhere within the

xanthate sulfur level, you will have a fairly easy

coagulating viscose with a salt Index of about 4 to 6.

How do they measure salt? What Is the salt Index?

They use two salts--ammonium chloride ancl sodium chloride--

and you need to delineate which one you're talking about. A
salt Index of 6 on sodium chloride Is a salt Index of about

14 on ammonium chloride. The ammonium chloride is not

equivalent In coagulating capacity.

Now that we know that we have to coagulate this , we're

not dealing with melts. Remember, you have at best a 9 or

10 percent solution, maybe less than that. You have 90
percent of water to be squeezed out before you can do

anything to make a gel. You have jello that does not
stretch. This means that molecules do not line up, so you

try to get this as hard as you can by coagulation. You do

not want regeneration because you still want that as a

soluble form so that you can squeeze It and stretch it.

These are the 2 kinetics that you are facing--the kinetics

of coagulation and regeneration. How you control these is a

funct Ion of the remaining xanthate. If you have low

xanthate, you will find that you will not have time to clo

much stretching; if you have high acid In the bath, you will

not have much time to do much stretching because you have

regenerated it. Once you get to the cellulose, you are just

stretching Jelly. You are still coagulating,the other one
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ancl want to set up the thing until you get It to the proper
amount. It Is a well-known fact that the more salt you put

into the bath, the more the dope congeals. That is where
you want to be for the most Dart because the jello will not

do any good In making carbon fibers.

In making regular rayon, you ripen the viscose and put it

Into a salt bath at about 250 grams per liter of salt and
about 10 to 13 percent acid and spin It. The end result

would be a regular rayon. If the gel has a soft center and

a skin on the outside, then the gel has not been totally

"squeezed." As the gel started to congeal, it crenulated on

the outside because the soft center was collapsing but the
skin could not collapse.

Is there a permeability difference between skin and core?

It IS totally different because the whole structure was

changing permeability while the acid came through from the
outside of the fiber to the middle. It changed the whole
diffusion nature every micron is a different field than the

next one. This whole Idea of keeping the Inside from

regenerating fast Is an Important part of the spinning
process. It was discovered that If zinc is added to the

process, then a zinc xanthate could be slower to regenerate
than a sodium xanthate. Zinc was put In the outside bath.

If a pH indicator (alkaline or phenophthaleln) Is put into the

viscose, that is skinned out of the nozzle, it Is finally

neutralized as shown In Figure 11. As this dope squirts out
of the nozzle, It finally changes to where you get a change

in the Indicator color. You have a coagulation area and at

this stage It's neutralized and you can forget coagulation

from there on out. They said that they could put in a

modifier with zinc and look at what happened (coordinating
Fig. II over Fig. 12) what you see Is that the area of

neutralization has moved from here way over to here. It

has, In fact, slowed regeneration clown significantly In terms
Of hOw long the system can live In the acIcl bath. This means

that this time Is the time of syneresls, SClUeezlng out of the
water.

Is that a crenulatecl filament?

Yes.

Are they both crenulated?

At this stage, both are crenulated only with zinc.

You do not have to take the water out of It to get the
crenulation?

Ultimately you have to remove the water and still produce
the soft center.
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The water is still in both of them--90-10?

The Zn sample would have less water in the center because

the skin Is set up differently. Dlmethlamine and

polyethyleneglycol, which interact further with the zinc are

added to the viscose so that It can congeal throughout.

This is the way tire cord rayon Is made. The Interaction of

dimethlamlne and polyethyleneglycol with zinc provides all

the time that Is needed to make the hard center. This Is all

the reasoning behind the different rayon.

Why do they need the hard center?

Regular rayon will dissolve when It Is put into alkaline

water like detergent. For example, if you bought a skirt or

blouse made from regular rayon and you put It in the soapy

water, then in 5 washes, it would look like cheese cloth.

Soapy water is alkaline enough to dissolve 20 percent of the

rayon. Consequently this is a poor cluallty fiber and has

received a bad name through the years.

I want to Introduce two new areas to you that are very

Impor rant--strength and modulus. They are quite

independent In rayon, yet, in a way, they go together

because regular rayon does not have goocl strength nor

good modulus. A modulus of 0.1 or 0.2 Is nothing. A high tire

corcl will yield a higher modulus. Which, In turn yields a high

strength. The reason Is that there has been time to

stretch the congealed gel, ancl the results are high strength
and beautiful fibers. These fibers do not dissolve in

alkaline soap anymore.

Are these called high performance rayons?

Sure. It has good knot strength, among other things and

still makes the best tires in the world. Michelin knows this

and their tires have never changed because they still have

the best resistance than any other tire on the road.

By controlling modulus and strength, you have a chance to clo

what typical technology tel Is you to do molecular

orientation versus tensile properties. Condition tensile ancl

wet tensile, ancl modulus (Table 1) go up rapidly and stretch

comes In. Time to stretch the congealed gel affords greater

Increases In wet elongation. If I wanted to know how a man

spun a particular fiber, I would never know from city tensile

alone; I have to know his wet modulus and I have to know

the ratios. If you know how someone made a particular fiber

just from running these tests and if he messes up, then the

next time, you will know it because this test will tell you.

You neecl to be more concerned with the test Instead of how

It was run. If the viscose has not congealed or if It was

treated differently in that Initial zone, you will get totally
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different ratios of that dry tensile and of elongation. It Is

very difficult to make a fiber with less than 15 percent wet

elongation, even the high wet modulus modal fibers. All of
these tire corcl yarns have 15 percent wet elongation. An
Avtex fiber has 9 percent. We need to question what is

different. Avtex has an elongation of 9 percent wet;

consequently, It should have a tensile of 7 grams. It has 3.

Something Is different here.

Figure 13 depicts this ratio of wet to dry tenacity, changing
with percent stretch, which Is to be expected. During this

stretching, these chains are being put close together and
some hydrogen bonding occurs between the 2 and 6 position,

and 8o forth along the chain.

Is there a hydrate of water In that structure?

Initially there is, It disappears when the chains come closer

together on drying, when cellulose is dried the same

structure is never achieved. Once a wet-gel cellulose is
dried It will never return to reswell. New bonds of swelling

are formed in new pores, which are much bigger. These pores

are like tiny trap doors. If the cellulose Is swollen in a

swelling agent, even in water, ancl is put In carbon
tetrachlorlcle or chloroform, then collapsed, the chloroform

will not be removed even If it has been put in an oven. It

will come out when it has been rewetted. Some of these

parameters are this critical.

What intrigues me Is that you are looking at the rayon

microstructure; I am looking at activated carbon, and we see
the same characteristics.

If you want activated carbon, then you take cellulose, never

dry, and swell It. Do not dry It, but displace it with a
solvent. You keep the swelled pores open, carbonize it and

then you will have 5 or 10 times the unit you had. Fig.
shows the corner of the crystal which can be defined.

Hydrogen bondlng takes place at the top of the crystal,

between the chains, and along the chain; you see some of

these naturally between positions on the chain coming in to

hold the crystal together. You can run a crystal in to the

diagram on cellulose and If you have a totally amorphous

structure that has never been, crystal llnlty comes from

stretching; It does not come from congealing. This is the
way the pattern would look for the different planes (Fig. 14).

Figures 15 - 17 depict where the planes were. This is the
one-on-one Diane that describes which way the x-ray is

looklng across this crystal.

When you stretch this material, are you causing these fibers

to get close enough to Induce hydrogen bonding?
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They start to crystal lze. You dO not want that for your

carbon fiber. Tire cord should be absolutely worthless to

you. (group discussion). You have a totally amorphous

structure made by using hydrazine as the dissolving medium

and spinning it. if you take regular stretched cellulose like

mercerized cellulose, then you see that you get these

levels. A pure cellulose made by hydrolyzing stretched

acetate Is a densest medium. When you pull It under a little

heat, stretch It, and then hydrolyze off the acetate groups,

you get tremendous patterns of crystalllnlty (mercerized

cel lu lose) Your material, Incidental ly, does not look

anything like this. What you get from Avtex through courtesy

of Huntsville Is olcl Avtex and the new. There Is no

difference from this because It Is not that good a

discriminating factor, I guess. Basically, this Is very

amorphous, and you do not have sharp peaks.

IS that the 002?

This is a 21 degree angle in this part of the 002 plane. A

year ago, some fellows said that we could look at some of

the parameters in spinning. They showed us how we can make

cross sections and stain them with Victoria Blue to see the

skin versus the core. If you take all of these different

rayons that are available, you will see that this Is regular

rayon here and B Is a low-wet modulus. You see a little

more skin by delaying the regeneration by putting in zinc.

You get all of these by putting all the way up to a pure run

cross section , no crenulatlon. This is the old Avtex; the

new Avtex looks like It Is in the ballpark of where you want

to be, 20 to 25% skin In both cases.

On that procedure, how sensitive Is the dyeabllity procedure

to assessing skin/core condition? You dyed the fiber and

then introduced alcohol, to leach it out, ancl what you are

really doing Is looking at the retention of the dye in

certain areas as opposed to the others. Is it possible that

yOU are fooling yourself a little bit with this technique?

No, the desorptlon Is fairly fast. You will lose It about

this fast then It will level off very slowly after that; they

recommend about 5 minutes to leach it. The technique was

proven pretty well. An intense study of all the rayon that

was on the market before It was published showed that the

spinning the rayon Is related to structure. It Is old data,

but it Is the basis upon which the test was based

Table 1 shows at this modulus how these fibers compare with

regard to strength. We have a high-wet modulus rayon that

is strong, with low elongation. If you take 2 1/2 grams of a

regular rayon, number 6, wet it, It stretches like It is

already at about 25 percent stretch. This Is 35 percent

stretch and the strength drops clown to something like 3.6.

YOU know that you do not have much structure. If you take



37

the one that Is a high-wet modulus at 7 1/2, It drops to

about 5. It Is still a very strong fiber and in terms of

stretch, It has 7 I/2 grams and has only 9 percent stretch.

When wet, It Is still up to at least 10 or 11 percent stretch.

Yet, you are dealing with a fiber from Avtex that is 9
percent wet stretch. In other words, either you should have

a very strong problem with stretch or something because

this Is something entirely different.

We need to look at what they are doing so that we can find

some reasoning from what we know. I have gone through

numerous books and looked at _very rayon fiber that has
ever been commercially made from rayon In the world. By

looking at some of these conditions, we can see that the

condition and wet tenacity and the conditioned and wet

elongation makes It very hard to find a fiber with less than
a 10 percent wet stretch. Avtex has 9 percent stretch,

never more than 10, roughly. Conditioned 3 grams, and when

it Is wet, It goes to 2; your fiber is about 3 going on 1 1/2.

I do not think that you have 2 anywhere. (group discussion)

You have a very weak wet fiber, yet it does not elongate.

In general terms, wet tenacity versus stretch; tenacity goes

up with stretch; elongation--It goes clown a little bit, but is

still up there at 11 percent.

It Is not easy to get, even with formaldehyde, a wet
elongation that Is this low. It Is a very tricky system that

cloes that. I have flied a patent on information about such

a system. You have a weak fiber. This Is a problem with the
way you are running it, conditioned versus wet. This Is very

close to the Avtex fiber, but your elongations are quite

different from that. When you come up here, you get the

high wet modulus, and you encl up going from 7 to 6, 4 to 3

(Fig. ), which Is too strong. The whole thing is off
ba Iante.

Years ago, Joe Alexander, a member of one of the groups I

had at Rayonler, was In charge of analytical, and he

developed a test. We decided that If this fiber that you

make regular rayon from dissolves so much in just regular

alkaline wash water then, that ought to tell us something
about the structure. So, Joe made a number of tests of

different strengths of caustic, and it turned out that at 6
I/2 percent caustic at room temperature, you can get a very

nice discrimination of all kinds of fibers from rayon. He ran

hundreds of them; everything that was on the market, he ran.

Joe found that caustic solubility at 6 1/2 percent caustic at
room temperature, related ClUlte directly to this wet modulus

we have been talking about. When you have a wet modulus of

a high strength fiber, 1.6 and 1.7, you have almost no caustic

solubility. Avtex fiber Is right In here (Fig. 18). Avtex
fiber with about a 4 to 6 or 7 percent should have a wet

modulus of 1.2; I do not think it is that high. This is
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intriguing because tt says that now, we are starting to see
modulus as relating to density of packing and not

necessarily stretching. I am separating the two as I did

earlier. Joe found also, that it is not a function of cuene

I.v. because with the same I.v., he could get S65 all the way

from 8 to 35, depending on how that rayon was spun.

I have argued that denslflcatlon Is related to modulus,

whereas, strength is related to stretch. This has become

so prevalent an argument within the group that I was with
that we decided to cto something about It. We generated

some data which el Imlnates such arguments, at least with

reasonable people. Rayon fibers having a high wet modulus,

a low wet elongation, and low caustic solubility are prepared

from an unmocllfled, no zinc viscose spinning system by

spinning into zinc-free coagulation bath with extremely high
salt and low acid at a low temperature. This Is very

Interesting. This is supported now by some data (Fig. 19).

The unlclue control capable of being exerted on the spinning

process is evidenced by the resulting fiber properties. $65,
with soluloillty In caustic, is an Important property loecause
It measures the fiber resistance to dissolving. By the

process of this patent, It Is possllole to have fibers with an

$65 as low as 3 to 5 percent. Regular rayon Is around 20
to 30 percent. Fibers with such a low $65 previously had a

formaldehyde content, and the reason that the $65 is deemed
to l_e that low Is proloal01y clue to coagulation as It is

densifyed throughout the fibers before being regenerated in

contrast to regular methods. Namely, if you take the time

with a high salt In your bath ancl proper viscose to totally
Sclueeze everything out of It, you will get a fiber that has

low elongation, not high strength, because you are not

stretching it. Your conclltlons are such that if you try to
stretch It, It will break, and this Is about where I am

predicting that Avtex is currently operating.

Condition tenacity, 2.31; condition elongation, 8.16; wet

tenacity, 1.5; wet elongation, 9 percent. I bet Avtex is

around 1.5. On some of these, you do not want high strength.
You want low values ancl the reason Is that this Is a kind of

viscose, 7.77/7.5/30, that would be used to make a good high

Quality fiber yet this is not a high Quality fiber. We also

ran experiments with a viscose that they used to make a

lower cluality fiber, and it works fine too. Mainly, the
conditions are what are important as much as the viscose,

and this second viscose was prepared from a lean viscose of

almost 9 percent cellulose, 6 percent caustic, and 28

percent CS 2. This is a very lean viscose. The properties
are as close as what anyone will come to matching Avtex any

time and it can be done without zinc; even with zinc, it gives

you a little bit stronger fiber. Dependable data, deters

disaster and I think that this Is fairly dependable data.

Is It strictly cycllcallzatlon?
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formation between adjacent nitrites. You start making the

second step which Is that you have the carbon from the next

ring and you remove these nitrogens; the carbon comes into
nitro and makes your graphite, tf you compare that with

cellulose, you have a ring that looks like this. To make this

into graphite, you have to blow out 6 moles of water to make
this carbon come over to where this oxygen was (Fig. 10).

You need to have room to move. You do not make good

product if you have crystal I Inity so you have to have a
chain density where you have a close approximation but no

crystallization. That means high or goocl wet modulus, close

packing, ancl that you will have low caustic extraction In the

Avtex fiber. It is also the reason that you will find low

elongation because you really have a weak fiber. If you

start to stretch it, It will break because It Is so stiff in
terms of a hard center. This reflects Itself also in

shr Inkage. When you shrink the viscose, you swell it and

allow It to collapse. If you still have Jelly in the middle, it
will collapse ancl shrink more. If you have Jelly in the middle

and you let It come clown with no tension, it will shrink a

lot. If you have that fairly densiflecl in the middle and

swell It, it Is not going to swell or shrink as much, so that

denslfloatlon of the center Is Important to you. One of the

things that is not on this list of properties and should be
Is the hemlcellulose level.

(Tape was changed here; didn't pick up the start of what F.
Turbak said )

You do not want a lot of skin. The Important thing Is not

conditioned strength, but the ratio of tensile wet to
conditioned. You want to know the wet value which Is more

Important to you than dry value because that ratio should

be in this league here (Table 2) to show you that you

denslfyed that center. The elongation conditioned should be
no more than 7 or 8 percent,(I show 7%), ancl It should not

become a big number on wetting. These can go over by 60,
70, or 80 percent when you wet many of them, but If it is

dense Inside, It will not fewer or reswell like a hal Icon,

neither will it elongate wet. That wet elongation Is a
function of denslflcatlon and stretch. The wet modulus (what

they measure that 5% elongation) should be around 0.5. The

fewer swells. This Is something that you do not do now, but

that you should do because this will tell you something
about how that product will densl fy. You wet It and

centrifuge it for about 5 minutes, ancl you know that if it
has picked up 100 to 200 percent water, then you have a

Jelly. Whereas, if it Dicks up on 50 to 60 percent of the

water, then you have a nice, harcl core In the middle of it,

and that Is what you are looking for. You clo not want a lot

of skin; you want that hard middle.
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In moisture regain, this is also the same type of
measurement. Typical rayon would be about 12 to 14 percent.

If your rayon Is hard In the middle, it will not be more than

8 to 10 percent and It should not be more than 9 percent.

In the cross section, (Fig. ) should be crenulated with

about 20 or less percent skin At $65 this is a little
dissolving thing that I think Is Important and It should be

less than 8 percent or you will not have that densiflcation

In the mldclle. All you will have is a lot of skin on the

outside, but between this one and this one (Fig. ), you

will know what you are dealing with. I can take any fiber and

tell you If it will be decent for your product under these
conditions which I could not under other conditions. The

knot strength is something that is very critical. No one

seems to worry about it because usually a fiber will lose at

least one half of Its strength in its knot. It does this

because when you bend any material, the outer surface will

be in tension and the Inside will be In compression. It Is

easy to measure tension. The way to measure compression is

to measure your knot; the inside of the knot is in

compression, not in tension, and if this Is not right, then

you will find that the knot strength Is Quite different. And

if you have a high strength fiber, then the knot strength
will be much less than 50 percent of the conditioned tensile

because It is so strong in the conditioned and the knot Is

so weak, brittle, and straight, it is more like a hard

spaghetti that will crack on you in compression faster than

typical rayon. You want something that will do all of these.
The DH should be above 5.8 but less than 8.2 because if it is

less than 8.2, then It Is alkaline, and It also means that

someone did not do a good job of getting rlcl of the xanthate
sulfur.

I do not understand how you can have a DH SDeC range from 5

to 8. I would think that there would be a favorable side:
acid or base side of 7.

You can leave It at 7.2. I do not want It on the alkaline

side. I want It between 5.8 to maybe 6.5.

That IS one thing that has bothered me about the acceptable

oH allowable extending from very acid to nominal basic.

Eight Is too far. (group discussion) I would like to see this

at 6.8 to 7. It means that they have clone a good job

regenerating and washing out the acid. The problem is that

some people might like to neutralize that acid, ancl if they

do that, they will overneutralize. You can wash acid out of

cellulose, but you can never wash caustic out of cellulose.

If I treat cellulose with caustic and put it in any running
water for the next 15 years, It will still be alkaline when I
come back. This is like acid out of wool. You can take

alkaline out of wool, but you ca not take out acid. It is

very difficult to remove alkaline from cellulose. Usually, to
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get rid of It In the textile process, you neutralize It after

the washout process. With regard to shrinkage measurement,
they put 4 grams.

I believe that was 4 ounces, 1/4 of a pound.

They put this weight to straighten the fiber, wet It, put it

In an oven, let It shrink free, and then measure It again. If

they get a Jelly center, It will shrink more, so they want to
be under 3 percent on that. This Is a measure of how well

they washed out the sodium sulfate and other Impurities.

You do not want any more than that. Zinc should be less

than that (Fig. ) which Is a very generous number. Sulfur

should be as low as possible; they will have colloidal sulfur

In the bath, which I do not know the effect on carbonization.

I have never seen any detrimental effects on that.

amounts that we have left, we do not have a problem.

In the

This could also represent residual sulfate which is

Inorganic. That I would worry about If you should determine

this, then the sulfate should be a very low number.

When I look at the sulfur, I question what form It Is in,
sulfate or xanthate?.

To make fiber free of sulfur, fiber will have to go through a
sodium sulfide extraction or chlorination which would leach

sulfur out. That Is the only way they know how to get it

out. The colloidal sulfur Is very hard to remove.

No one Is going through with desulfurlzation, are they?

No, not that I know of. That reswells the fiber. Once that

Is done, you put in sodium sulfide and the fiber swells up

like a balloon and all this work that you did to clensify it

has gone clown the drain. Cobalt Is one that I have put in

on my own because cobalt Is one tremendous catalyst to
cellulose degradation. One part per billion of cobalt will

cut clown the DP faster than 100 parts per million of

manganese. Look at the trace elements in terms of messing
up your results on conversion to carbon fiber.

What about lead?

Lead Is not bad; It Is nothing. Iron, in fact, turns up.

Copper Is the one that helps you. Copper Is ??? you

won't lose your DP as fast If you use copper. Manganese and

the transition elements, In general, are active catalysts.

IS that where the Copper number comes from?

The copper number Is a measure of aldehyde groups, If you

have aldehyde on cellulose, you treat It with a copper
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solution. The aldehyde gets converted to an acid while the

copper Is reduced, ancl you use that copper precipitate to

measure the aldehyde. You do not want any chloride In

there. If you have some, It Is because someone Is putting it
in or because you did not wash out all the chlorinated

Ilgnln. YOU want that very low. The finish is really up to

you. You do not need a lot of finish to weave. The

polymeric finish Is to hold the two turns of twists that are
in there ancl If that is clone correctly, then this will give

you some lubrication. The main thing to remember Is that

you will gain by putting In tests for a wet tensile ancl its
ratio and wet elongation. The wet figures of this reswell

value Is a very Important part; the $65 that you are not

doing anything with right now, will give you a lot of data if

you follow that. That Is Quite a balance of a lot of

properties.

Dr. Turbak, how does the higher wet elongation value affect

the spinning process or does it affect the spinning process

at all?

If you get wet elongation that Is very high, then you have

not denslfyed that center, which means that you will have a

lot of jelly in there. You will not overcome it because you
do not have the skin; you don't want the skin (See

Comparative Data Figs. 20 - 21).

So they can continue to spin it to get a lower value of wet

elongation.

They can spin this to make this value low, and they do It by

causing that congealing In the Initial few seconds.

Dr. Turbak, I think I heard you tell us that you would not go

and clone the Avtex rayon.

No, I did not say that at all.

Well, it was pretty close to It.

No. I saicl that if I wanted to clone the Avtex rayon, then

this Is the way that I would approach It. Namely, I do not

know what Avtex Is doing, and I tic not want to know what

Avtex Is doing and will not say a word on that. This is

nothing but literature, if I wanted to make a fiber with low

elongation, which Is the trait of the Avtex rayon, this is
very unique. But Avtex rayon Is unlclue In that it has a low

strength fiber with low wet elongation and low $65, which is
a total dichotomy. The only way you are going to get the
fiber Is not to spin In the regular sense of making a spin

with high stretch, but to spin really by precipitation early

In the game. One of the characteristics of such a process
Is to have a low salt Index so that It is ready to flop out.

If yOU have a high salt Index the elongation will go right
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back up. You have a lean viscose with a low salt Index; and

you spin that In to a high salt bath with low acid thereby

causing this to precipitate out and becoming very hard set.

If you were designing a rayon yarn, ?????

(Inaudible)

cleslgnlng

I would not design this for any other use but yours.

That may be very difficult to process, but It works.

This Is very difficult to spin. If I had to spin this yarn, it
would be a challenge. There will be a lot of waste In

spinning the yarn because there Is not going to be enough
xanthate left for me to stretch it. I would have a difficult

time spinning this.

That is why they are struggling with yields (group

discussion)

That is exactly correct. Without the zinc, they would not

even make It. [The zinc gives them a way to get clown the

machine.] You will find that It Is not a high stretch yarn.

My prediction to you is that the secondary bath stretch is
no more than 80 percent, which Is very low for a viscose.

We have about 15 or 20 minutes more before we will be

through with this part of the program; do you want to take a
break now or do you want to continue?

Lunch Is ready, so let us pick It up after lunch.

We will Dick up where we left off, talking about the second

source for our rayon precursor. Next on the agenda Is Don

Beckley who will talk about the Navy's interest In this.

I would like to try and pick up the story where this group

was at Its last meeting and briefly carry you to, probably,
where we think we are today in the rayon business. I must

say that what we want to accomplish today Is to tell as
much of the story as we can without Inferring or using any

of the Navy Lockheed 0-5 rayon program material. So, I

caution all of you to help me not utilize part of the program
that we have been collectively working on for the last 2

months as the first line priority. The reason for this Is

fairly normal In Navy program pilots; they like to reserve

the right to review data before it Is presented, and

obviously we are dealing with things that are so new that
there has been no opportunity to make a presentation to

Lockheed of what would be presented here. I will attempt to

make this a non-D5 discussion, and there are times when we

can ask each other questions to make sure what we know is
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not OS. I may resort to that technique. At any rate, let us

roll back the clock to where we were, and I guess, mid-

December or late November.

We were sitting In the meeting, knowing that only part of the

funding that was going to be required to get Avtex

restarted was available. The DOD portion had not yet been

made clear, and ultimately, that has come along. What has

turned out Is that Avtex has received an Injection of money,

$38 million, plus another $5 million, for a total of $43

million.

We will cover a little bit of that story event. Avtex was

clown physically as a plant for about 6 days, but by the time

they got back up and going, anti we looked at our receipt

requirement, we were about ???? on rayon. Things since

then have gone, I think, much better than most people,

almost anyone, imagined In terms of their Quantity of

material that came out of the plant based on their restart

schedule anti based on the Indicated characteristics and

quality of that material. We have mentioned several times

that they do not have 100 percent yield; the evidence Is

that their yield Is probably better than they were making

before they shut down. The first materials have actually

gotten through. I guess that nearly the first 50 thousand

pounds of material is in carbon form now, ancl no one has a

mark against it that says that It will not be normal and

working. This would be a story that was appropriate to tell

as of last week or maybe the week before. As usual, there

were some concerns, some worries, and some risks about

Avtex and their surfacing at this hour in 2 forms that may

affect this group In the way Its headed in function. One is

that the State of Virginia had arrived at peace with them on

an environmental recovery plan which included a certain

amount of money that was set aside of the $43 million and

that was going to fix some of the environmental factors;

consequently, there would be relative peace in that world.

Sometime last week or Just prior to the week before, the

State flied another suit against Avtex. The suit extensively

says that the zinc level In the Shennacloah River is not

satisfactory. Sitting here, we can not Judge whether it is

really worse than it was or whether it Is the same and this

Is something else. The implications are certainly a concern

for people who are counting on the Avtex restart and

continuation. As they shut down, they hacl 8 machines on

line, and these 9 machines were capable of producing the

amount of rayon that the Industry was reclulring, roughly 2

1/4 million pounds per year. As they have come back on, they

have been asked to Increase that amount of production and

are currently up at the 20 machine rate. You can mentally

see that we are able to satisfy ??? , and this has been

the Joint plan of both the NASA anti the DOD type operations,

to get ahead on rayon. Avtex Is providing us the capability

of getting ahead to the tune of about twice as much rayon
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as we need to assimilate Into their programs, so part of it

goes into a stock pile on the agreed-upon ratio between the

NASA and DOD programs. They say that everything would be

fine, but for the proviso that Avtex Is successful in

correcting what the State of Virginia will require of them to

do about this element called zinc. Dr. Turbak has certainly

helped us understand where this zinc comes from in his

discussion today. There Is another factor that is even more

nebulous, and I am not going to be able to dwell very firmly

today on it. The $43 million that was put Into the thing is

apparently coming close to being consumed in getting the

plant up and running. Carbonlzable rayon Is not the problem;

the problem Is what caused Avtex to shut down to begin with.

They have a commercial business, making staple rayon to the

tune of roughly 150 to 160 mill Ion pounds per year and

roughly 3 million pounds of Industrial. When they shut down,

some of their customers who buy staple did not remain loyal.

The quality of the material and the staple Is apparently

somewhat of a ????, and they are not selling all they can.

They have a negative cash flow position. Now we do not

have the visibility of being certain how long that operation

will be able to continue. I want you to be aware that there

are certain clouds on the horizon with Avtex. What they are

producing today and what Is needed Is several, actually many

more months of production before there Is a safe amount of

material In anyone's Inventory. For the good of all of us

and the wisdom of a government that gave them the $43

million, we certainly hope that that continues. It will be

tough If It does not.

One of the alternatives that is going on is pan

qualification, and this group Is Involved with SPIP's version

of that. There was an effort that was started by the Navy

then stopped. We do not expect any more action out of that

area. The third pan activity that is coming on and probably

will be the first to rise or fall has to do with the decision

to attempt to consider a replacement of rayon in the Titan

4 upgrade program within the near term. This program is

new, and now is an opportune time for designs to proceed

into development, one In rayon and one In pan. If you look

at that program In comparison to SPIP's supporting ASRM, you

see an Interesting contradiction that we will all work with.

SPIP has planned to run maybe 4 1/2 years, maybe compressed

to 2 years; this Is another program that Is designing,

building hardware, and Installing, a program that is really

going to have to make some decisions within the next month

on material utilization, parts, and hardware. They represent

an Interesting thing like our industry, old and new. When we

did not know what the next rocket motor performance was to

be, we looked at the last one. We guessed. The best thing

that we could do was to build a part and fire It, and if it

worked, then we knew that. Then we went on from there to

build another one to go. That Is how the Titan 4 U program

looks; it Is a very ambitious, certainly a risk-taking
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program. There stands a possibility that pan will enter

critical nozzle components early. They will do it. In

contrast, SPIP says that we are going to take 2 I/1 to 4

years, and we will get all of the data we neecl to design

every component. We are going to do everything to know

about the material. We will have a sufficient data on rayon

vs pan each step of the way. We'll know why It works and

things will be the way NASA cloes them. I think that, as a

group, you can look forward to seeing those two activities

and watch the maturation of them.

The other alternate to Avtex Is alternate rayon

qualification, not alternate pan. Last November, NORC (North

American Rayon) was identified as the only domestic source

making continuous filament rayon besides Avtex, so they

became the logical alternative source for the material.

They spent ;2 months attempting to explore the envelope of

the spinning process that Dr. Turbak talked about today.

They made what is known as 18 variants--18 different kinds

of rayon. This rayon represented what they thought of as a

statistical control experiments. The resulting materials

came out with combinations of strength, elongation, and

shrinkage--3 critical parameters, none of which collectively

matched the 11 criteria that go Into the current rayon spec.

In general, they produced a material that hacl the equivalent

amount of strength for slightly lower in strength, They

produced a material that Dr. Turbak indicated Is more normal

than the carbonlzable and material, that has a shrinkage, or

elongation that Is higher than the spec limits. In turn, the

shrinkages have tended to be greater than the spec limits.

In the parlance of things, they clid not achieve a clone, and

I believe that later on. Lou Anne Is planning to speak of

things that are coming on In that area. We have not had a

chance to coordinate, so I will just clrop It there, ancl we'll

expect to hear more of that aspect.

One of the things that I think Is relatively unlclue about the

way the situation Is Is that NORC Is definitely Interested in

the business; to them It makes sense and they are willing to

go forward., The space shuttle program made a commitment

to North American that salcl "if you will get Into the

business and If you can get qualified, you will be entitled to
about one half the business henceforth." If that had not

been done, they would nave been sitting around, looking at

100 or 200 thousand pounds of potential POD business, and

we would not have any opportunity at a second source. We

would all be very nervous about $3 billion Industry that was

going to shut up and close clown because of the lack of $5 or

$6 mill ion worth of rayon. There is a tremendous leverage

factor from that sole source position that some people had

quizzed them to basically effect, and It Is fairly safe to

say that we all have a stake In making sure that we get the

second source
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Hired has pretty much generated some Information which on

its own gives a slightly different slant, but in general,

agrees very well with what I heard coming from Dr. Turbak

this morning. Our activities concern what works as a

carbonlzable rayon resorting both to past Information, and

to some relatively near term current looks, summarizes that

active

This Is tensile strength (tenacity), but It Is In pounds of
load that Is put on a 1650 denier yarn, and that Is the

principal of rayon yarn. It Is used except for the 1100

denier that goes Into some of the Amoco products. This Is

the elongation term. The square block In Figure denotes

the sPec range for carbonlzable rayon. The spec range here

pretty well limits the uDDer end of what Is probably
achievable, and it separates low, Intermediate, and high

strength rayon. The high strength areas are generally
called tire cord. That material cloes not make a carbonlzable

product. If you recall, that material contains 1 or 2
different additives that are not favorable to carbonization.

In essence, that product does not work. We have looked at

It not only in the past but also In recent times.

We have f3 convertors ??? , Polycarbon, Amoco, and Hitco

??? , and each of our processes may be slightly more

sensitive to one aspect or another. But they are all

relatively long term fabric conversion processes. It takes
anywhere from 8 to 12 to 14 weeks to get through the

processes and we needed an answer in shorter lengths of
time. Polycarbon has a commercial process that provides a

shorter view at things; Hltco, In their efforts, created,

essentially, a two-day process, taking 12 weeks and cramming
It Into 2 days. In this process, we basically usecl Avtex as

the reference material. When we could get Avtex material

through the process, It was created In a short time process,
we saicl we had a discriminator. At least Avtex would work.

We took tire cord and 10ut It in the short term process and
It did not work. Historically, we put tire cord In the long
term process and It did not work either, so we probably have

a pretty good reference to the fact that none of us expect

tire cord tO make the grade.

We've hacl an opportunity to look at a number of materials

that fall right around this level In Figure ??. They have

about 10 pound strength in a 1650s yarn, and 10 pounds times

454 grams gives you basically, very close to 8 grams for 2
1/2 grams of denier of material. What we have tended to see

Is that In this short term process, where Avtex would make

it, If we put rayons in that are lower strength than the
eClulvalent of the 10 pounds, they do not come out of the

process. We neecl a 10 pound yarn strength to get about 1

pound (450 grams) of load carrying capability to get through
the short term process. It almost looks like the lower spec

limit for carbonizable rayon Is sort of being described by
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process requirement on the carbonlzable side. We would

really recommend that things which are lower than that are

probably not going to make it. The favorable thing that we
have seen, though, is that you can move across from this

elongation line into this area, and you can find materials

which are coming through the process (Fig. ). I am

certainly not in a position to say that we recommend going

tO a higher elongation, but there Is evidence that materials

of a higher elongation will work. Figure donates this.
VCW Is villwlte. Vlllwlte material was a 14% elongation
material and was the material used before there was an

Avtex. I have researched it, and the specs allowed higher

elongation at that time. When we went to Avtex and asked

what they made, they described this block right here (Fig.

). It is oarbonlzable rayon today, but there is evidence

that In current time, we may be able to live In this area and
there Is evidence that we did live In that area in the past.

Don, do you have the specs for the VIIIwlte material? I

have asked many people about that and they have assured me
that one existed.

We have access to a bunch of villwite data that has not

been fully assimilated.

Accesses to the Vlllwlte specifications would help all of us.

I recognize, I think, that there is some importance to it and
that some more work has to be clone before we can do that.

We are confident that much of the QC data shows this kind of

elongation for villwlte; it also showed that there was an

awareness, surprisingly, of a need for a void-free filament.

They knew of the presence of crenulatlon before there

was an Avtex. There is some fairly recent information, yet
on the other hand, I think that what we have come to see is

that we have NORC setting there and they have their
equipment and are gotng to have to make rayon, to an extent,

their way to get it. There Is no use in saying "if I knew
exactly how either x or y stretched the material, when you

go to North American, that Is exactly the right amount of

stretch. Their equipment and their process Is going to make

It their way, so having a complete description does not
really give you an answer except for the fact of what has

helped.

What Is strange to me, Don, is that I looked, back to the
time when we qualified Avtex originally, and I fincl no

previous specifications for rayon.

Well, I do not even have my numbers here. I have been told

that there ts a spot, and I think that the archives will

produce them eventually.
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This Is only pertinent from the standpoint that
crenulatlon pictures; this Is the percentage, 5 of 6 In 8 of

70 filaments with folded in crenulation. This was material,

which was In essence, late 1977 Avetex material and here was
the 1985 material with 26 over 60 and 34 over 60

(percentages for folded-In crenulation). We know that we can
live with both, but there Is certainly an interest and a

desire to have that particular crenulatlon maintained with
as few holes as possible. There should be some way of

getting that I_roperty as well as the additional things that
Dr. Turbak showed us this morning.

We have pan under way; we have rayon under way. Lou Anne
will later close up what the next step would be. We have a

little more risk that we were worrlecl about this week with

Avtex, but It was Inevitable.

Don, did not we put vlllwite In C3?

Yes.

Why do not we Just go to our old flies and dig up the
Information?

We can all dig the prepreg data back to fabric data, with no

problem. I am not sure that what we will flncl Is incoming

certification data essentially passed on from the weaver

who was, Quote, "Burlington," at that time, or what was

required of them. The first real record of things stems

from a spec that Hitco wrote early In the Avtex days and

has, frankly, been transcribed by everyone In the business
since then. We have all decided to use the same specs; the

thing has become a ground rule. It Is a little nebulous right

now. We used villwlte from 1963 through 1970.

I would say 1974. The C3 production program was in 1975.

That was all vlllwite. The characterization level as you go

down stops at the fabric level--a carbon fabric. Even

today, the only specs that exist below that are the specs
that I was reflecting which was the Hltco spec that has been

transcribed with other designations on It.

I do not think you will find any records, Dick.

specifications had no visibility at your level.

the only possible source of IRC data.

Those control

Burlington is

Was Inca supplying you, too?

Inca had a very short history. We laid In an Inventory of

villwlte. They announced that they were going to shut down,

so there was Inventory bought ahead. Inca came on stream

and then essentially went off stream, even before they got
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OUt of the development phase.

ever made apropo.

There was very little Inca

It was my understanding that Inca taught Avtex their

process. I think that Is a fair statement because I know the

people Involved and that was transmitted to whatever Avtex
could do on their machines with the Inca recommendations.

That Is what was developed.

we were looking at both Inca and American Viscose at the

same time together for our high modulus yarns. We

converted to Inca, but never converted to Avtex.

IS that for the fornell rayon yarns that we are talking

about?

we may very we l I have some records of the t Ime of the
conversion to Inca. We did the conversion.

Once again, what do you think you might have from villwite

days?

I am sure that we have a lot of old Information on villwite

because we were working very closely with them In Cleveland.

I do not know, how much of that Is retrievable at this time.

NOW It Is not critical, but I think that should there be a

larger upset at Avtex, It may become very important. Lou

Ann will later tell us the story about cloning. Just looking

ahead, if they are not successful, and I am not really in a

position to make a Judgment on that, I think that it is

important to the Industry to know that we use something

quite successfully that was not a clone years before. So,

that Is really the message for today.

Don, you have to remember that If Avtex closes Its doors

before they deliver the 1 1/4 million pounds, NASA has the

data banks to the Avtex process. That is the key right now;

the first week In July (inaudible).

Jim, I think that It would be helpful, data wise, but in all

honesty, I think there are several Avtex graduates from the

University of Avtex who are in the Industry that North

American has already had access tO and who has not made a

clone. There are many of things that are yet going to

happen, but I am not too sure that there Is a whole lot of

value that If you had a recipe book, there Is something that

we collectively do not know.

Maybe the recipe book has that data.

Yes, there could be very neat little books.
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Is D5 doing anything with North American Rayon to get them

on line? Or are you just.waiting to see what NASA develops?

I am going to be careful and say that this is a cluestion.

That Is the safest way to leave it at this time.

There are certain modulus that Is carbonlzable, and you

mentlonecl that this Is based on carbon from the supplier.

Ten pounds breaking strength ancl 10 percent elongation Is

carbonizable.

You also mentioned that vlllwite might work.

Yes, vlllwlte is the material from the early 1960s.

early 1970s ancl 1974, 1975 worked wlth a 14

elongation.

In the

percent

Did someone do the analysis on the 10 percent or is there a

cut-off point?

I think that we are all saying that as carbonlzers, we do not

know exactly what makes carbonlzable rayon for sure. I

tried to say today, I think, that we know a little bit of what
the bottom limit Is made up of now. We do not want to be

below 10 pounds because our processes Just do not respond
to It. We know that we do not want tire cord material even

though it Is much stronger, and that Is about the upper

limit. Maybe what we can do Is work the elongation range
wider than the spec which Is the Avtex materlal--a greater

degree of freedom for what we will work.

Thank you, Don. Lou Ann will continue our program.

(D. beckley and L. A. Fikes talklng--L. Flkes asks about the

D5 and Beckley responds with "anything that NASA knows, is

okay. It's Just people who .... ")

I am Lou Ann Flkes and I am here today to tell you about

NASA's efforts to get North Amer Ican Rayon on IIne as a

second source supplier of carbonlzable rayon. We know we

have Avtex, but do not know how long Avtex will be around so

we have gone to North American Rayon In Elizabethton, TN
for our second source for carbonlzable rayon. These are

the recluirements for the SRM carbonizable yarn (Chart #2 of

my handout). NASA uses a 1650 denier so the specification

reclulrements that you see here are ash(45%), sulfur, .25

percent, zinc is .07 percent, ph is in the range of 5 to 8;

finish is between .2 and 1; twist (turns per inch) is In a

range of 1.6 to 2.4; break strength Is between 10.3 and 13.5;

elongation Is between 5.5 and 9.5%; moisture is 13 percent

max; denier Is 1650; and shrinkage Is between 2.9 and 4.7.
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As of March 31, 1989, North American Rayon has completed the

following carbonizable rayon development. As of March 31,

they have had 18 experimental runs. They changed the spin

bath and spinning machine parameters, but they did not

change the chemistry of the viscose; they used their

viscose systems. None of these 18 samples met the

requirement of the specs that I gave you earlier. The ones

that they have problems with are conditioned break

strength, conditioned elongation, and shrinkage. Three of

the 18 formulations were selected as essential re-entry

vehicle of propulsion In the D5 program. As far as I know,

5500 pounds have been made. The next three charts show

what was selected from the 18 are experimental runs 16, 12B

and 13A. Chart 4 depicts the spec requirements and Avtex's

average values that they produced. On this column, I have

the trial or experimental run for 6B. When North American

Rayon put it Into production, these are the numbers that

they got. Elongation does not meet the specs in the 5.5 to

9.5 range. Also, there Is a difference between the trial run

and the production run; it Is not consistent. In shrinkage,

5.4 does not meet the specs. You also have a difference in

the prepreg, 5.4 and 5.7 from production ancl trial run. They

have problems with the finish, 1.3 to 1.7. There is a

difference in trial and production, also in ph. The 8.7 does

not meet the specs, and there is a difference in the 8.7 and

the 7.3 final production. North American Rayon has decided

not to make this anymore, because they cannot make it

consistently. This trial run and the production run is not

consistent, so that say that they will not make any more 6B.

They have Indicated that they do not want to make that

product. Before you remove the overhead, Lou Ann, I want

to ask a question. With regard to that DH, what went wrong

when tt varied from 7.3 to 8.7?

They obviously did not get enough

I ca not talk about their conditions.

neutralize the acid ????.

out of that thing.

If they were to

In reality the 8.7 was a worse situation than the fact that

they ended up at 7.3. They actually got the product. (group

discussion)

Lou Ann, how do you pan (inaudible)?

As far as I know of, the 5500. That was what was Dressing.

Is that enough poundage to determine the variability?

Jim, they have Indicated a capability of about 1000 pounds

per clay; they probably did not produce it at that rate. This

Is 5 running days on a machine.
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Of these 6 figures, D5 selected 1 of the 3 that to make runs

out of; they still have problems with the others. Trlalwlse,

for the elongation 12.6 Is not in a spec. We also have a
difference between the trial and the production of 11.2 on

elongation. On the shrinkage, 5.4 and 5.6 does not meet the

specs; also again they have a problem with the finish of 1.4
and then the difference between the trial and the production

of 9.32.

They are saying that they have the finish figured out now.

They thought they had It before, but they are trying to
make some more runs to see how close they can come to

making a finish like Avtex. This Is the third one in which

the production 13A across here. The elongation, shrinkage,
and finish are all out of spec. The D5 selected 3. One of

them Is out now because NARC said that they could not make

It consistently anymore, so they had to make another
selection for that third one. That Is all that I can say
about that.

What Is the difference between A and B; I assume that 13 Is

???? yarn.

The experiment Is 13. There were 18 experiments In total.

Why A on some and B on some?

They worked with slight modifications to a 13-grade material.

Their reports Indicated that they were similar In nature. In

many cases, you would have difficulties discriminating

between the two at the rayon level, but.we assessed the
effect on the carbon fiber.

Some process parameter let them call it an A or a B or

whatever.

Was there an A and a B on all of them?

No, Just on a certain number of them that came off that way.

When they could not spin It, they went to slightly different
conditions and then called that A and B.

North American Rayon has Indicated difficulty removing the

finish from the material, using their standard technique of

extract Ion. They have asked for some held from this

committee, and we were Interested In getting Involved and

proving the test methodology. We reported that it Is an

open Issue, and I think that It is appropriate for this

committee to get comments at this time.

M. Towne How were they measuring It, Pat?
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They were measuring by the soxhlet method,

different solvents.

but with

There are really two accepted, Industrially practiced finish

removing techniques, using different solvents or different

solvent combinations. Their standard methods did not

conform to the method that Avtex used, so they switched to

the Avtex methods and did not get immediate gratification in

terms of results; therefore, It has created a problem In

their minds that needs to be worked out.

We still have to settle on what type of finish is desirable

for rayon.

They think they know what Avtex has used in the finish, but

they are still running tests to make sure. This chart is a

summary of the last 3 charts. Figure 7 lists some

reclulrements--strength, elongation, moisture, and PP. The

DP of Avtex has 325, whereas, North American has 425; they

need to get the shrinkage down, copper number, and core

ratios.

On April 10, NASA authorized North American Rayon to proceed

with some facility modifications so that North American

Rayon could make us a line. The line that they have been

using before was for commercial use, so they could clo

experimental runs for us, then go back and do commercial

runs. The reason for this line is so that they can not

develop an Avtex clone on a separate line. They could make

changes on this line that would not effect what the

commercial folks needed. They had 5 weeks to complete these

facility modifications which included the finish system, the

viscose system, spin bath system, and instrumentation. They

also were to put together an experimental design which

Included 16 runs.

The five weeks Is from April 10 and the 5 weeks Is up today.

The facility modifications have been completed, and I will

discuss their schedule later in my presentation.

The parameters that they can now vary In this experimental

design Include the viscosity, the caustic content, the

cellulose content, and the CS 2 content, but they can not
change any of the numbers. Chart 10 depicts the schedule

which Is to begin May 17. Last week was the end of their

fifth week for the facility modifications, so their first

experimental run was to begin yesterday, and spinning will

actually start tomorrow. Two variations are planned for the

first week; three variations for the second week. The plan

Includes 16 variations, and it will take North American Rayon

about 3 days to complete the critical required testing after

they have finished 1 experimental run.
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I also have a list of additional rayon characterization tests

that will be run at Morton-Thlokol and the MSFC M & P

Laboratory. These Include conditioned tenacity, wet

tenacity, wet break strength, wet elongation, conditioned
molulus, wet modulus, hemicel lulose content, skim to core

ratio, copper number and trace metal analysis, sulfate and

sulfur content, and $65 solubility. Chart 12 provides a
summary of the rayon development and cluallflcatlon schedule.
It begins with these 16 runs; they have already completed 18.

They have completed the facility modiflcat Ion, and
experimental runs should be completed by the middle of June.

Chart 12 also depicts the qualification plan which includes

weaving, carbonizing, and prepregglng, all the way to the

static firings. That is the overall plan; everything depends
on what happens during the 16 runs.

This schedule Is a year behind the original schedule that

they had. Their clualiflers were supposed to be completed in
December or May, and you say that this will be completed In

November--16 runs and a year later.

You have to remember that In the first 18 runs, they tried

to use their viscose system and dicl not go to the Avtex

system. Viscosity changes could not be made on their
commercial line. On a line dedicated Just to NASA, they can

make all kinds of modifications and It will not effect their

commercial work.

I think they are determined to put up their share of the

funds and I think NASA is going to be Inclined to do that.

DOD Is not going to be Inclined to do that because they were

not inclined to put up their share of the $43 million.

Whether they can be convinced to come up with another

several million per week, I do not know.

Jim, it seems as though the programs In POD Individually,

that could lay back before, are now coming to the front,
which need a life-of-type procurement to cover them for

1990, 1991, and so on. Many of the programs are going

directly to highland so that they can attempt to utilize

that warehousing. Where the funds will come from to cover
each of those, Is real ly not clear. I think that as it

becomes evldent that they want that material then they will

realize that the only way that they are going to get it is

to keep Avtex going x number of months more. Much depends
upon how many programs there are.

Actually they Say that the ??? , so that they can come
forward with x number of months more to go do that. Their

cluantltles are NASA Is the only true production and

you have to have 24 thousand pounds per week at present

now to keep It going. No one else has that; NASA is much

more dependent upon Avtex until 1991. I Just hope that they

realize the need for Avtex, also.
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I think they are beginning to realize it.

I think you also need to comment, Don, that all the major DOD

programs are very slow to react and put money up front.
Are any Individual programs in a position to jump very

clulckly to save the Avtex operations?

I think that NASA Is In a more unique position and has

committed to support Avtex knowing In all probability that

something ???? to ??? the system (Inaudible). We have to

save Avtex. Then they need to go and stick their necks out

and commit the agency to that. Frank did the very same
thing with Kerr-McGIII In ????. He went out and committed

that, and the agency came through and supported him on it.
When we find out what the requirements are, then we need to

go and get some advance money and we committed to that

material to get It Into the system. We need to give Avtex
more money, because then we get a product In return.

One of the problems with that thinking Jim, Is that a

commitment normally through the system does not end up as a
payoff of money until the final product Is delivered. That

does not really give Avtex any money to keep payroll going,
but you will have to put it up front. It has to be a total y

different financing scenario to solve the problem.

But If they are losing 4 to 5 million per week from the r
staple rayon, the 3 bill ion pounds does not out.

There Is Just not enough money to do that.

Tom, you are next up--to change the subject to GPC resin

clual Ity control.

I am going to talk about phenolic resin quality control.

Figure 1 shows the carbon-phenolic composites processing

diagram. The phenolic resin, fabric, and filler are

Impregnated to produce prepretape, which Is used In the tape

wrapplnt process. After tape-wrapping process is completed,

the part is cured and machined to produce carbon/phenolic

nozzle. The I:)roducibllity of quality nozzle depends on the

ClUal Ity of the Incoming phenol Ic resin received by the

prepregger prior to starting the impregnation process. More

specifically, the degree of advancement of phenolic resin

can affect the processing and nozzle Cluality. From the

nozzle fabricator side, when the degree of advancement of

the resin in the "as received" prepreg Is too high, the tape

has no tack to be able to tape wrap the part properly.

Thus, the tape has to be stripped off from the mandrel and

resulted In higher cost of fabrication. If the loose tape,

due to lack of tack, stays on the mandrel, the resulted part

will wrinkle after the curing process. The variability of

degree of staging of thed resin in the prepreg can cause
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clelamlnatlon and compaction problems in the final nozzle

hardware.

The current resin acceptance specification usecl by the

prepreggers does not adequately finger print the resin
behavior. In addition, the minimum and maximum values of the

tests required by the specification are too broad. A typical

tests are total solids, viscosity, specific gravity, gel time
and stroke cure. The prepreg acceptance speclflcalton cloes

not contain tests that can fingerprint the resin adequately.

All the tests listed in both the resin and prepreg is "old."

IN the last meeting, I presented a "newer" analytical

technique called GPC or gel permeation chromatography which
can characterize the molecular weight of the resin In the

prepreg. Figure 2 shows the Increasing molecular weight of
SC1OO8 phenolic resin with Increasing time at 1100 C or aging.

The current resin acceptance specification test values

mentioned above are not sensitive enough to pick up the

Increase of molecular weight clue to aging or resin

advancement. Figure 3 shows the Increase of molecular

weight of phenolic resin before and after the impregnation
process.

D. Beck ley

T. Bhe

D. Beckley
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D. Beckley

T. Bhe

D. Beckley

What is the before and after of that, Tom?

Before Impregnat Ion?

After Impregnation? The real comment, and It is deceptive
and difficult to see, Is that what you have really done is
lose the free phenol peak. It Is difficult to tell how much

Increase you actually have by virtue of losing the bulk of
that phenol from It.

The decrease of phenol peak after Impregnation process is

clue to the further staglnf of the resin in the prepreg going
through the tower.

By losing the principal component of this, you think you have

a higher molecular weight, but all that you have really done

Is, literally, the solvent portion (??? the semi-solvent

that the free phenol represents). The highest percentage of

this one Is the free phenol (Fig. ). When you remove that
you seemingly have Incurred advancement, but what you have

really clone is taken a large amount of the numerical change

and shifted the Indicated molecular weight.

No, the molecular weight Is determined, using a calibration

curve of known molecular weight compounds.

It Is a very small amount, much less than the number 4 to 6

change represents.

D. Beckley Is It In the resin?
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Figure 3 shows the Increase of molecular weight from 411 to

678 after impregnation. Figure 1 Is the lot-to-lot

variability of the resin molecular weight. Resin I is the

91LD for 2 different lots tested 3 times ancl Resin II Is the

SC1008. Ironslcle uses the refractive index detector, but

Borden used the U.V. detector type.

Tom, can the GPC fingerprints discriminate the various

commercial phenolic resins

You are on Infrared now ????.

These are two different tests:

versus Infrared spectraphotometer.

the Infrared detector

That Is where I am confused.

We are talking about ultra violet or U.V. detector In the GPC

instrument not in Infrared detector. Infrared spectrometer

Is a totally different analytical equipment than GPC. In GPC

technique we have a choice of which detector we want to

use, refractive Index or R.I. or U.V.

Are you saying that we need standardization?

Is the Instrumentation the same In all places?

No.

0o you think that It Is possible to standardize the GPC

test, based on your experience?

Yes, It Is possible tO standardize the GPC technique.

I have a memo that our analyst prepared as a result of a

question and what you really have Is a summation of three

sources under conslderat ion, columns, temperature, flow

rates, solvents, detector UV versus RI, Injection volumes in

mlcrollters, sample concentrations, sample size, standards

being used, integration limits, and effectively what

haPpened--2000, 3000, 5 to 6 ancl 3 to 4. We are all running

the same thing ancl we have totally different pictures of

what is coming out. This was prepared in 1988. We looked at

our data from 1983-86, and from 1988 and 1989, our data is

tending to go over to here (Fig. ). We are getting very

low numbers and as the data user, I don't know why. I have a

feeling that it Is in the procedures. We are bringing resin

In time after time; we have many other parameters to talk

about the behavior of the resin. We do not see any changes

as manifold as that, so I honestly think that we have a

procedure (internal) problem. We did one other thing. You had

the series, Tom, of the one week; we did a week at 900F and

in some testing, Infrared in particular, we would have a
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marked change In the resin. Our GPC data did not change In a

week, and I do not really understand that. It seems like the
state of the art of what I am reading Is not comparable.

Tom has made more progress with it, conceivably more than

anyone else, but I am not sure where we ought to head.

On that chart that you just had, (Fig. ) clo you have two

different ways that the sample Is being prepared, ?

Yes. This mainly summarizes the assessment of it. Sample
concentration should be In this Interpretat Ion (di lute,

Instead of heavy), ancl that Is probably the major difference

why Tom's numbers are up In this range where the other

numbers are In the low range. The implication Is that if you

overclrlve the column, you are liable to get a different

Interpretation. Even the standards are a problem In that we

talk about polystyrene standards ancl give them a 35,000

standards. It turns out that they have a number average of

something like 25,000, and they are not control led from

place to place. There really is not a NBS standard to use.
I do not think that that Is the discriminator in this

Instance. We have bigger problems than that. The standards

are not working very well for us.

We had some experience using ultrasonic to get the specimen

off, and this Is probably one of the biggest problems in the

whole analysis. If you use an ultrasonic device to get the
resin off the fiber, you have actually changed the resin; it

has torn the resin apart so you encl up looking at a
different polymer than you would have hacl you not used it.

So, cut and city clegradatlon Is Just not going to work. In
view of the fact that we run hundreds of soxhlet extractions

per week, and we know that there Is a percentage of resin
that Is left behind I have some difficulty wondering If this

technique Is really telling us what we need to know in the

late B stage.

What size sample are you using? Is it the prepreg Itself?

It Is projected that we can use this analysis to check A-

stage resin coming In; that Is In the solvent ancl so on or we
can use It to check prepregs. When you get into the

prepreg, you have to extract It off and we are not certain

how we extract It off to get what we really want to see.

Tom, what technique are you using?

The extraction takes 24 hours, overnight In solvent THF.

Here Is a comment on THF. [No sample the H and THF, which

Is a notorious peroxide, former THF makes peroxides,???] and

the peroxlcle attacks the phenollcs so If [you??] are in

there for a long enough time, the THF is killing you, in terms

of having the same ????
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The THF used In testing the molecular weight of the polymer

is generally HPLC grade, which contains minimum amounts of

peroxide.

Tom, you saicl that you usecl 24 hours; do you use agitation

at all?

We do not agitate the ample In the solutlon.

I have a problem with that ????. I do not know If I can

afford to walt 24 hours after I have made the product.

What he is citing Is the fact that to run this test as we

understand it, takes I to 2 days to get the standards ready

to go, and then about a day to get I to 2 analyses out. It

Is not a Dractlcal end process Quality control tool (group

discussion about prepreg and real process data). It takes

too long to get It, and is really too expensive. Three man

days to get a data point Is not very effective.

This probably could be optimized later when every resin

supplier and prepregger agrees to use GPC for (D.C. Now from

our end, we have prepreg that meets all parameters in the

spec, resin solid, flow resin, and volatile content. When we

try to tape wrap, the tape does not stick on the mandrel;

you end up stripping it off and throwing it on the floor.

I agree that there is something that we could do to
eliminate that problem, but I am not so sure that this Is it.

Maybe something else needs to be done. Obviously all the

prepreg manufacturers are interested In making material

that tape wraps 100 percent of the time, and not Just making
materials that meet specifications.

Tom, do you feel that the GPC test that Is used to

discriminate resin molecular weight can be used to assess if

a pre-preg tape can be wrapped?

From our experience, we have to look at it (the problem of

the tape wrapping process). We get better control of the

wrapping.

Tom, if you will let me share with you, I would like to try

and address Pat's Question another way. This is another

kind of molecular weight determination using

electrochromatograms. We use the same equipment but in a
different way. This Is the same phenolic spectrum that Is

crammed together as one peak and then a broad band. This

Is not separating the bands out Into what turns out to be

Individual constitutes, or at least some more different

constituents. This peak in Figure Is the standard peak.

Here IS the phenol standard and here Is the curve standard

peak that is superimposed on here. This is giving you the
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ability to get a control led amount of these peaks. You
compare this peak to this one, and you compare this peak to

this one, and so on; you can get control led amounts.

Furthermore, peaks 1 and 3 are directly relatable to the 2

peaks used in the Infrared analysis (a quantitative type

analysis). So the end result Is that this test is a 3-day

test, too. It is another way of looking at the analysis.

People who have gone Into depth like to talk about these

being monomerlc species. As they are polymerized, they
become dlmer species, and the dlmers become trlmers, and the

trlmers become quatramers, and you build up the viscosity.

If the prepregger has a molecular weight of 190 coming in
and has some of [these??], and then he gets a molecular

weight of 187, his end point is still somewhere down tl_e

road. We probably make up for small differences In molecular

weights on Incoming resins by the A-staging process. I am

not sure It Is really critical that the A-stage resin be one
fixed number or within a bancl because a process Indicates
that we neecl to advance whatever we have to a different

set of end points and ?????.

Figure is an attempt to look at what, I think, one of the
things that the prepregger does. He takes a given material,

in this case, carbon phenolic materials and questions how to

fabricate material? There are, 5 or 8 different techniques

and material. We tailor base upon the cure pressure for

those things and we speak to each other in languages of

"make me a volatile range here, here, and here." You can see

the descending order of all range that is used to define a

given product; likewise, when you find this one, you ask at

what flow pressure do you want to define it Figure shows a

band of similar flows at different pressures, which is really

a viscosity measurement of the summation of things. It

assumes that the resin content Is set in at the agreed upon

level. Each of our customers likes to have a slightly

different resin level for the same product, so you have to

set the resin level. Then you come along and talk about

test temperatures, which Is a wrapablllty Issue. You can

talk about the product In terms of IRZB, and this Is a test

that also shows a nice continuity with the tailoring of the
material. This one Is operator dependent to get an end

point that Is a cloudy or hazy point. You really have to be

reading It. I want to understand If there is a need for 1, 2,
or 3 more tests to find what Is the continuity of this. If

so, we neecl to run them ,llterally, on every roll or every

Dart of It to be of use. We can take a spec, an order, on

any one of those things and add a couple more tests, but we

really have to be able tO run the tests In a real time if

they are going to be of any use.

I do not think the test Is any different than we have been

having for the last 20 years.
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Tom, that one Is brought about by what has turned out to be

a unique thing In Industry. We have people using an

autoclave to cure ????? grade materials, so It has extended

the range for the autoclave fabrication. This Is some of

the range that is used, but on any given run, It Is not going
tO be that wide. For any given customer, It will not be that

wide. When you have someone taking ???? grade material In,
which Is really more coarse pattern grade, ancl then curing

It In an autoclave, this is what happens to It; therefore,

you need to extend that range. It is complex. This is the

same foil running 150 or running at 1000 and the differential

is a 10 percent number.

The material will get Into your system.

I could mix the resin of high advancement which will create
low flow and low advancement which will create high flow.

When the 2 resins are mixed together, they will make the

prepreg and satisfy the resin flow spec requirement, bit it

cloes not guarantee that the prepreg can be tape-wrapped
with sufficient tack. We have seen it over and over.

First of all, tack and molecular weight are not directly

proportional. Also, the degree, molecular weight
distribution, has a lot to do with this. It Is not Just where

the molecular weight Is, it Is how it Is distributed.

If you have heavies and lights, you have an average that is

here, but you have an entirely different product.

In mixing, you may or may not have tack, and you may or may

not be able to change that. Secondly, when you clo GPC on a
prepreg, I think that you are not getting the real number

that you want. You are not getting a viscosity profile of

the prepreg Introduction. Once you start advancing resins

that you put In, you are not getting a resin evaluation of

polymerization. The molecular weight distribution will change
the tack.

They do not even go very far. Quatramer is probably the

upper end of the molecular weight of the phenolics that we

use. The next thing that happens In the cure process is
that you move into the cross link mechanism and the

molecular weight ceases. You have locked it at that point.

We do not have a polymer that has a neat way of evaluating
It from molecular weight standpoint because we do not have

a wicle molecular weight range. We are not building long

chain polymers like thermoplastics that have molecular

weights of 2 million or 100 thousand, or anything like that.

We are Just barely In the low thousands of molecular weights
at the cure point. So, It Is not an ideal test for molecular

weight measurement; we are squeezed Into a very narrow
area.
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We also look at the dynamic viscosity of the prepreg, using

rheometrlcs mechanical spectrometer or RMS.

That is where you are getting Into the scientific approach

of It (the dynamic mechanical thermo-analysls of the prepreg)

which Is tricky. You have to recalibrate the instrument,

(the reometrlcs type instrumentation), to cross-correlate,

so the GPC is very evaluation. Then when you get it to

prepreg ???

I am really on the fence whether it Is worth the effort to

get to a standardized method that everybody can live with.

IS there a reometrlcs test on a prepreg that you would use?

Yes, we have been running dynamic viscosity on the prepreg.

It will tell us If the resin Is too green or too far stage,
but the RMS Is expensive, and not every body has It.

Tom, do you propose to use the GPC to evaluate pre-preg
material, as an acceptance test?

The use of GPC from Is 1983 to present, Is that we have an

activity we call fingerprinting. We have 80 or 90 tests that

check the resin before the resin meg is checked with the
filler, the fabric. As Dart of every test that we could

think of, we run (group discussion),???. Our history is that

we were running up In this 2000 range, but all of a sudden
for no explainable reason that I can find, we are now looking

at 400 and 500. I have a feeling, knowing what the resin is

doing across the board, that It is not a resin change. In

fact, both suppliers, say that the molecular weight is down.

Ironside says that the molecular weight is down, and our

test clata verifies that. But nothing else of the specs that

we checked the resin Indicated change. I think we have an
Internal clrlft.. I have no idea what It Is, ??? procedures.

Let us take a 5 minute break.

The Issues on the table now Is carbon assay accuracy and

test procedures with regards to equipment currently

employed by Hltco, Polycarbon, and Amoco. We want to know

how to assess the accuracy. Gene, do you calibrate your
equipment to a known standard?

No. We push a button. In the sense that you weigh the
sample on a callbratecl balance and you weigh the ???

absorption of what you have clone on a calibrated balance,

there Is no standard that you normally have to use to ???.

Is the machine actually measuring the C02?

Yes. It runs through a cycle where you heat it in a
graphite quartz enclosed crucible In an Induction furnace,
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oxygen flowing through a clust (sulfur) trap, a furnace which

changes NACO 2, goes on and is picked up on ??????

absorption bulb. It Is a direct relationship. It Is filled

with ascar Ire.

What Is the device you use at HJtco?

The device Is a retrocarbon analyzer, model 521.

Miles, what are you guys using at Fostoria?

we use something that Is very similar--the ASTM D3178

system that uses the triple absorbers, a Nesbltt bulb, and

Ascarlte II; for this we clo not feel that we neecl a

calibration. It provides us the amount of carbon graphite.

I clo have some clara on the reproducibility and also on the

comparison with the other Leco model that measures carbon,

nitrogen, ancl hydrogen together.

Group discussion

We looked at all 3 of the Amoco products and this is the NEC

(the name of the operation at Fostorla--Natlonal Electric

Carbon). They are also one of the tenets at Parma, so we

do a simi lar procedure at Parma. When I have carbon

analyses that I want to feel more confident In, I go to

Fostorla to get the carbon analyses that I need. I have a

high degree of confidence In the data that I get. Again, it

Is the Ascarlte II. We do not use the lead chromate in

there, ancI we city the sample (O.10 to 0.15) for 30 minutes at
1100 C before we measure it. This method is for analysis of

coke and coal, so the procedure describes how it is milled.

But If we use it, we use a small sample of cloth.

The same size and the same procedure?

Yes. Figure 10 denotes test results that (looking at the

VCK product) are the kind of reproducibility that we get Is a

very goocl standard deviation. We looked at VCL, which of

course, our product is lower carbon; this was a sample that

we looked at from these three. This sample will also be used

in the LECO system, and this Is our average. WCA, two

different samples were hanging just a bit above and below

100, the closest we measure.

Three significant figures seem to be generally reported.

Yes, I think so.

What Is your sample size In milligrams?

1OO mg (group discussion)

Tom, dicl you have anything to add?
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Basically, It is the same thing.

You questioned standards. We use a LECO standard for the

alloys; there are two methods that we use we prefer the

LECO Cr12 (an Infrared C02 analyzer). The question about

sample had come up, and just for sake of kicking It

around.???.

You could walt until we are done here.

I do not know the number of this LECO, which Is one of the

major 3 constituents (Fig. 11). We do not have this, but we

do have a pretty good study run comparing the two. We
wanted to see how close It came to getting the results that

we got. These are LECO operator results; these are not our

own operator results.

Miles, In one way, that equipment is so automatic that when

you load It, It does everything, including your answer,

without touching It. I am not sure what the operator does
with this equipment (the CHN600).

I dO not have one.

That is using the other side of the house.

Don, does It automatically predry the sample?

We have been using one for about 2 to 3 years, and for us,
we were one step back from where Miles' work is In terms of

technology. It made a manifold improvement in our accuracy

of results and reproducibility to the extent that I do not

think there was a problem.

I am not sure that I buy the accurate, repeatability, maybe.

Gene, we do the same thing. We run a standard on it that

IS basically 1OO, and the answer comes out 100.

I understand that, but I also know that with that particular

filler unit, they have had tons of problems with It.

When they started these runs, they tried to standardize the

unit, and this was one of the materials that they tried to

standardize. I guess they also tried to standardize the

sugars. Then when they ran the carbons, the results were
quite high. When they tried to standardize with sugar, it
was not even in the ballpark. However, then they used WCA

as 100 percent standard and from there they ran the same

sample 10 times that I showed you before called VCL. This

was the number they got; standard deviation Is good, and

this is the range In values within minutes. Then they ran

the WCA again and got one high number here (100.03). Three
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standardized on the basis of this again to 100 percent.

They then ran 10 for the same VCL again and got a number a

little bit lower, but still pretty close In the range of about
the same. They ran the WCA again and were up again. So,

their concern was that maybe the operator had a little

Droblem, but they thought the frequent standardization with
WCA was necessary. This, in the course of a day, can be run
several times to make sure that the units are standard.

These are the results of the LECO Deople.

It looks like It Is certainly possible to get the same kinds
of results.

I think what we are concerned with Is test accuracy. On

that basis, Miles, If you reDort out a 99 percent mater al,

what would be the low value and the uDDer value that that

material would Drobably not be Judged beyond? If you report

a 98 percent, would you say that that material Is between
97.5 and 98.5 Dercent?

The higher you go, the closer you are going to be as long as
you keep the standardization up.

Is the LECO device that you are talking about a vacuum

device or Is it positive pressure flow?

I do not know.

I do not remember the details on it, but It Is automatic dry.

What scares me about automatic dry Is that you can get into
oxygen chem adsorption. The longer that you hold this

activated carbon at any moderate temperature with oxygen

present, cheml adsorption will occur, adding oxygen to the
carbon surface. That will change your carbon assay number

because your Initial weight will turn out to be higher. How

much change you get with 30 minutes drying, I do not know. I

was more concerned about how you treat the moisture
content with respect to carbon assay.

Yes. That would have to be the low carbon assay number.

All three of the carbonizers are drying your materials.

We had some of our people chase clown some information on

standards--how LECO does their standards and how we do

ours and how the National Bureau of Standards handles their

Information. Then we wanted to know how it ends up being an
NBS traceable standard. It Is Quite Interesting to see how
they arrive at their number for a National Bureau of
Standard traceable code. These are code standards that

they provide for us. Basically, I think that If we look back

and compare everything, then we are right down the line with

about the same thing. Only about 1/2 percent is what we
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usually look at, also. We tic use a CR12, basically a similar

machine like Don was talking about except his would be ????

and hydrogen at the same tlme. Ours will not do that; it Is
strictly a carbon analyzer.

I think that our current feeling on this, Bill, Is that we

should senti out round robin samples and assess the testing
results.

What samples were you going to send out?

We will send each of you some similar predesignate samples.

With some variation in carbon.

Maybe 3 of them. We will try to keep It to a minimum and a

standard to see how you all compare. We will then sit back

and look at the numbers to see how closely the numbers

match. If they look close enough, I would say that we are in

pretty good shape. Anybody who wants to have a strong feet

for test accuracy and laboratory variance can review the
numbers.

I think that you should use a few samples and a few runs,

not just maybe send 3 or 4 samples. Anyway, You should, at

least, use 5 or 10 of each of those samples.

I think that I will talk to each one of you Individually during
the course of the next few months, and we will set up

something that we feel comfortable with.

Lou Ann, would you volunteer to participate In the round-
robin?

You could talk to Pat Johnson In the chemistry department;

she has the equipment there.

What kind of eClulDment Is she using?

I do not know. That Is a different branch than I am In, but I

do know that she has carbon assay equipment there.

we have an agenda Item next on ultrasonic testing; I think

that this Is covering some old ground.

It may be old ground to you but It was new to us. There is

a company known as Test Incorporated out of San Diego, and
they are beginning to market an ultrasonic analyzer that can

measure resin content by their Indication and they can
measure It as a cured laminate. They can supposedly

measure a cured part, assuming that they can get the shape

to fit the analyzer, and they are having some degree of

success measuring prepreg, we took an Interest In the

area of measuring prepreg and for the principal reason, the
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analysis Itself takes essentially a few minutes to do. If

you have as many analyses to make as a prepregger does,

you look at roughly (Inaudible) situation you need in process
control. You need a certification test method, and then you
neecl to be able to confirm the resin content of a laminate.

In our situation, these are the assessments, economically,

as we are talking about a $100, 000 piece of eClulpment. Our
assessment Is we do not do enough platanal resin content to

make It of dire Interest to us, At least there Is some

Interest there, but we have to do at least the encl of every

prepreg roll, sometimes the starting encl. If you acid up that
number of rolls per year, it becomes somewhere between 5
and 10 thousand rol Is. If the cost per test (a soxhlet

extraction or something like that) Is In the vicinity of $20
to $25 per test, (man hours time), and you adcl this test

that can do 5 or 10 thousand per year per minute each, just
the labor cost alone makes the unit attractive. So, we

polled and decide to find out about it. Figure indicates

the curve they produced. The curve compares acid digestion

COSTS in terms per pounds of test per year which Illustrates

the $20 test (typical versus where they think they could get

Into a $5 range), and that Is amortizing the eClulpment plus
labor costs, ancl the piece of eclulpment looks something like

this (Fig. ). An operator stands beside the console and all

the Important things happen right In here. You have a fairly

small sample (a 3ram circle), and effectively (tape ended)

Difference In sonic velocity or ultrasonic velocity through
the resin phase is different through the fiber phase. In our

case, It is different than the velocity through the filler

phase. If you have a fixed velocity for each of those

components, then the composite velocity becomes a number. I
have spread It across the resin range and expected prepreg.

This is assuming some differences In velocity, enough to give

yOU a calibration. That Is the key. They believe that once

the product Is calibrated, with the calibration curve, that

puts known samples on a line and compares the ultrasonic

velocity. You can then come back and at any time get this

eclulvalent velocity which Is that resin content.

It all sounds good until you start to consider a couple of
the realities that are not pinned down yet. Figure depicts

a description of the techniques of a series of laminates of

different resins contents, the method of measurement

schematically described, 10aslcally then developing samples

with given resin contents, and a calibration curve comes off

of that relating these resin contents to measure velocities.

In prepreg Which Is of Interest to us, we have a fourth

phase which Is air for void content, which also has the sonic

velocity. It Is such a significant difference that in our
Initial experiments where we were measuring It, we were not

getting reproducible results. It soon became evident that

we had to get the void content out of it. Now, you are

dealing with the fact that you would like to make a no-flow
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laminate that Is void free. That Is really going to become

the next step In the name of the game. They have learned in

their work that because of the small sample size (roughly

less than 1 Inch In diameter) they want to stack together 7

or 8 layers; therefore, they are going to make a 7 or 8

layer laminate, taking out sections, putting them together,
putting them under controlled pressure, making a void-free

structure, and sticking that material in the analyzer and

getting (inaudible). If we can achieve those things, then we
are down Into the 1 minute analysis time and progress will

have been made. The group themselves are in contact with
ASTM and hopes to come out of It with an ASTM number In a

short period of time. The technlclue appears as though It

has applicability where the system Is simpler, namely an air

craft grade. A high modulus graphite prepreg with an apoxy

resin that Is soft enough that the void content easily
disappears may become a very viable material, and certainly

a good reason for It. We are looking at how we can make

that same thing work In the ablative world where our

materials are basically twice as thick as their cured ply

thickness. We have to get that void content out of that. If
we can learn how to make the specimen, and if we can find

that with the sonic velocity through a fiber it is a
constant, it will certainly help In making valid their claim

that we only need 1 calibration curve. We spent the day
talking about carbonization of materials, and would have to

wonder how constant ???? our velocity Is.

The second point Is that we may find that the calibration
curve for assured laminate Is different from the calibration

curve for prepreg. If this work progresses, you will get a

report that says that we can put the "good housekeeping
seal on It."

Don, I think the panels would be the first place to assess

this technique and If it works there, then try and utilize it

on pre-preg.

If you put water as a coupling agent on It to couple the

ultrasonic horn Into the material, certainly on the panel, it

is okay. But then you begin talking about panel surface

finish that really should be very good. You are not likely
to have a highly variable, normal machine (group discussion

about using normal water as a coupling agent). That is the
standard, and It makes you a little nervous about any

reading that happens after the first few seconds because

you are dealing with a water diffusion mechanism that is

going on.

What effect does crenulatlon lobe voids In filaments have to

do with test results--old Avtex versus new Avtex? Will it

respond differently?
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If we had a void-free structure (resin taking care of all

the places), It cloes not matter.

In the composite you have the voicl In the filaments. All of

my mlcrostructure data shows that a large percentage of

this void never gets resin In them.

The danger there is that may become a slight factor that is
unavoidable.

Would not a standard take care of that?

If you calibrated out and It Is a constant, then that Is

okay. But the clay that we go from vlllwlte wlth no voids to
new North American that has 50 percent voids, then we have

a different standard. It Is all 49/26.

Don, do you have special Internal funding on this
assessment?

No. The company Is desirous of a way to reduce cluallty

control costs, and we have to say that It will certainly

have to be Independent upon this group to turn in a

recommendation to be incorporated in lieu of the resin

content method we have. We are coming to you up front

saying, "if you encourage us to go ahead with this, we are

going to build ourselves an obligation to push it along
Instead of I ca not make a change because It is different."

We would like for you to be aware of it and why we are

looking at it.

Ed, are you guys looking at the same device?

We all want our ????.

In our Measurements and Effects technology group we are

doing some work on that; I have not touched base with them

recently to find out exactly where they are and how close it

is to becoming a Quality Control test.

It has a good report at Morton-Thiokoi on a set of glass

phenolic panels where you can run a burn off immediately
after and see the results.

We have worked a phenolic prepreg, also, on glass carbon
reinforcement. I have not seen the results of that yet; we

are Investigating all the major resin and reinforcement
comb l Rat ions.

Is the resin content value obtained by ultrasonic method an

absolute value.

Basically you have an ultrasonic number, resin contents, and

a standard number. You put your specimen In it ancl because
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It Is all computer controlled, It measures this value, runs

across here, and says that this is the resin content (Fig.

).

It is similar to GPC techniclue where the standard curve of

known molecular weight compound need to be generated prior

to testing the m olecular weight of the phenolic resin.

Rob, do you have a set of standards for each of the fibers

that you use

We do during the calibration process--acid digestion versus
what the Instrument measures. We measure the sample on the

Instrument and then perform the digestion to find out the

value of the resin content.

If you change from T3OO AS4, do you need a new standard?
(No verbal answer). Okay, that Is a clue for what????. If

you looked at T300 last week , do you know? (group
discussion)

Can you separate out the filler content?

We have not tried It on ablative type materials. We have

stayed within the safe area--graphite apoxy which Is not
filled. We have not tried to measure the filled resin

systems yet.

It Is nice to have a piece of eClulpment that is being used

effectively In another area so that you can watch it build

up your data base and confidence on a simpler system.

This Is defensive because we know that pressure Is building

and left to their own device, this company will publish to

the world that It has a cut and dried answer. We need to
know if It has an answer or not, so that Is part of our

reasons for doing It. We do not want to get a pig In a poke
shoved on us, If It Is not gotng to work. If It Is, there Is

ample reason for It, but on the other hand, we have tried to

say today the things that are apparent as potential

problems about the systems.

You are right about one thing, Don, about the tremendous
cost Impact. Bill, I think you were going to give us a little
bit of a rundown where NASA Is on the Issue of cured CCP

acceptance testing.

As I mentioned the first thing this morning, this is 3.2 part

of the SPIP program. As Dick Herman said, there is a 3.1

counterpart which Is concerned with test methods, and

specifications for the curing parts. They had a two-day,

Initial meeting at Marshall a couple of weeks ago. There

were 3 companies there--SoRI, ARC, and FMI. They introduced
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the tests that they run, telling about the specs they use,

nothing more than definition.

There was a gentleman at the meeting who was In charge of

the Mill Handbook 1"/, and he said that the way you establish

a handbook, Is that you appoint a committee that meets

twice a year at interesting places so that people will keep

coming back. This Is our third meeting, and we have a

committee that meets twice a year at Interesting places,

and this fall we will meet at Tempe, Arizona at Flberite.

Next spring we will meet in ???? California. Then we have an

invitation for the next one, so I think that we are following

the guy's recommendations. Of course, the final end product

of this meeting will be updating the handbook that was

published a year or so ago which is right now a comDilation

of the tests that we obtain along with the entry sources.

We are well on our way. Are there any Questions about the

meeting at Marshall?

I would like to add that Bill and I sat there, hoping at the

meting we would hear of a replacement for the shear test

that Is currently running In our industry, namely the double

shear test 41A type. As the day wore on and all the

special Ists in the 31 testing, made presentations we

concluded that even though our test Is no good, they

concluded that there Is no other test that Is any better.

Every test that mankind has perceived has a comDonent that

Is either tensile or compressive in side loading to the test.

Therefore, It is not a pure shear. Now, I Dersonal ly am not

such a purist that I would let that stop me, but the overall

situation Is that they did not have enough goocI to say for

any of there other shear test. They considered about four

of them that I feel that we could have brought to this group

and say "we want a change, as bad as the test that we

have." As sensitive as the test Is to the tool Jng, the

laminate preparation, all of the factors that go ahead and

make up the number, and as we go into Dan with lower shear

numbers, it Is going to become more critical because we are

going to be bumping against the bottom limit that designers

do not want to go under.

Did you get the feeling that that particular activity was

directed primarily to developing test data for the model,

not so much the needs of the acceptance test community.

They want the model to work; therefore, they have to have a

shear number that as designers they can live with.

I found a total lack of Interest in improving acceptance

test; the concensus was that there Is no good acceptance

test being performed, I.e., all mechanical acceptance test

data Is worthless from the standpoint of the model code

needs.
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Try another way that there is distinction between analytical
design data and acceptance data that Is accepted in their

Dart of the Industry.

IS that test method that obsolete; has

obsoleted by the test standards?

It not been

It IS still FTSM4 1A in the book as such. The shuttle has

taken the method, modified it, and It Is In the shuttle spec
retinue and cast In concrete for all practical purposes.

I think that 10401A Is out.

Yes. It is been replaced by an Inappropriate ASTM shear.
What we have clone on our specs Is replace It with a double

notch, as you know, but we still have some feeling for the

pin shear as an acceptance...not as a shear number that you

put In the model, but as long as you do the test repeatedly

careful ly ....

It has worked well to control that product, to limit it. One

of the differences Is that the ??? fixture for that test is
different than the NASA fixture. That fixture is locked at

the bottom ancl does not spread, whereas, the NASA fixture

is open at the bottom. You put load on it, the fixture bends

a little bit, and you can hear the sample break right in the

middle before you get to the two shear planes on either side
of It. We have ample reason to be uncomfortable with the

test as It is defined for this group, but there is no obvious

way to Jump Into It. Really Improved Romanlan shear,
opescue shear, single lap notch, double latch: they have

looked at them ancl are not buying any of them as a useful

number.

Frank Wyler from Lockheed Is keeping an eye on this. He
knows we have an Interest In this and Is the contact to keep

us abreast of what Is going on In 3.1.

Overall, the meeting on 3.1 chaired by Frank Is a pretty good

meeting. This Is the first time that the 3 test
laboratories, I.e., SoRI, ARC, and FMI, have been able to

comment on actually what the others are doing. For example,

in high temperature tensile testing of cured arbon phenolic

composites, each lab has Its own standard of specimen

geomet r les.

They are all In different sizes, shapes, ancl radii.

I might acid that considerable time was spent on discussing
the shear testing method. The existing shear test methods

do not give us a pure shear strength of the composite. I

believe that Instead of spending time In coming up with test

procedures that will give 1OO% pure shear, It is better off

from the designer's point of view to find out what are the
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stresses the nozzle experiencing during flight?
shear stress act on the nozzle?

Does pure

I question If an acceptance must provide a pure assessment,

such as shear strength, but can provide a combination, I.e,
shear/tensi le. Acceptance tests must reflect other

considerations: simplicity, cost, relevancy, etc.

[3 volume, amorphous.]

Eric.

We have been working on a procedure to measure the fiber,

filler, and the resin content of fully cured carbon phenolic
composites. I would like to acknowledge all the people who

helped with this effort--Hol I is Hill clld most of the

laboratory work; John Koenlg helped with technical support

and Clay Clinton gave us financial support.

We clld a literature survey and found that there were

essentially 6 techniques for measuring the resin content
polymeric based composites which are Ilstecl here (Table 1).

Essentially, this Is an acid digestion with hydrogen peroxide

that has been hydrolyzed, this is also an oxidation

procedure where the materials were fired, and temperatures
of nitric aclcl cllgestlon are an acid procedure. Moisture

release combustion Is measured on the moisture produced
when oxidation of the material occurs. The last one was a

hypothetical procedure that was given to us, never tested
but Just thought up. Some of the drawbacks that we were

able to cletermlne from the literature were that the sulfuric

acid hydrogen peroxide digestion was In clanger of exploding
when we added the hydrogen peroxide to the fuming sulfuric
acicl solution. We usecl It at the Institute for a while and

Just could not get sufficient results from It. We discarded

It. In the oxlclation procedure, you clo get lots of graphite.

You have to determine, the K factor, which Is used to bring
back the graphite that Is lost. That factor has to be

cletermined on every cllfferent material that you use. I

should add that the cllgestlve procedure that has been

reported but has not worked on our resin systems on
combustion. This varies with the degree of composition and

the degree of cure on the resin. We tried the Fast

procedure and did not get any digestion at all, so we went

on to what we thought was our best chance--nitric acid

digestion procedure. It entails putting about 100 ml of
nitric acid, a thermometer ,and a fork in a three necked

glass to your specimen. Then there Is a condenser to
circulate the cold water to condense out most of the nitric

acid. You also have a stir ball with a magnetic stirrer, a
plastic heating mantle, and a power control temperature. We

tried a number of different specimens ancl finally settled on
this one here (Fig. 2). We wanted to maxtmize the fiber

length and, at the same time, minimize the cost of the
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thickness because when these things digest, the cost ply

path Is the most critical for digestion.

I would like to go through a flow chart of our procedure

(Fig.3). We began with 100 milliliters of concentrated nitric

acid, heated It to the temperature, and dropped our specimen
into the nitric acid. At the appropriate time that the

solution Is quenched, all the solution and the specimen have

fl Itered through a glass type fi Iter which has been
preweighed and predryed. Then the filter Is rinsed with

water and acetone, which helps In the drying process. The

filter Is dried and weighed and goes through either one
of two procedures: (1) a sedimentation process, or (2) a

segregation process. Both processes seem to work equally

well, but the segregation process Is a much faster process.

These temperatures In Figure 4 should be 3250C instead of

3500C. The 4 preceding graphs have that mistake. These

are acid temperatures and this Is their digestion time.
These numbers represent the amount of solid left on the

filter as a percent of the Initial weight. We plotted all

these clara points and decided what was an acceptable range

for the fiber content (Fig. 4). The range can also be

determined by taking a particular acid temperature and

looking at the weight remaining. The curve comes down and
levels off at the fiber content. This Is essentially what we

did. We do this to consider the acceptance range for the

fiber content of the composite, 51 1/2 percent + 2 percent.
Then we took some samples, dried them, and did the same

thing to them. Figure 5 denotes that the acceptance region
Is much smaller. Final ly, we took some specimens and

filtrated them In 1200 C still water and then ran them, and

the curve widens out. This Is an overlay to the 3 preceding

graphs (Fig. 6) showing the acceptance region. Important
here Is that Just around 70 hours, all 3 conditions come

together in the regions. What this Is telling us is that we

are getting some sort of fiber digestion, and the breakup is

going through the filter or actual solution of the fibers

themselves. The reason that you see differences here (Fig.

7) may be clue to the diffusion rate. The diffusion rate is

different. Whenever there Is moisture in a phenolic resin,

the resin Is open to more attack. Again, the temperatures

should be 3250. Figure 8 denotes a version of the CCA3

material that we have taken from ASTM at around 2000x, and

then this Is some material that was digested at 48 hours at
650C.

This one was digested for 72 hours (Fig. 9); again we have
1OO% fiber recovered. This Is one that was Incubated for 23

hours at 90Oc, and It Is evident where the fibers are

starting to become pitted (Fig. 9).

T. Bhe Are those two fibers on the front?
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Yes. For a longer period of time at 900C, the fibers start

to pit and break up. At higher temperatures, apparently

some sort of repolymerlzation of the phenolic resin is going

on.

Eric, do you mean repolymerizatlon of the carbon fiber?

the phenolic gone at this point or separated from it?

Is

It happens during the digestion process.

So you are saying that it refluxes back on It or It Is in
contact with this phenolic and it ends up ....

It may Just be In the suspended solution. Then when you

filter It through, It Just comes .... This Is the filter itself.

Does It all stay together during the digestion period?

It IS sort of a viscous; the color of the digestion fluid

changes (group)

The digestion period, the resin, the fiber, and filler are all

together. That Is why this comes out looking this way.

There was a clear, visible difference In the fiber

temperatures and times. We did not quite see that with the

filler, but this Is some virgin Fiberite 7068. All of these

composites have been digested at 5055, so the filler is
USP28. We did not have USP28 at the time, so we wanted to

be sure that the controlled experiments were done with

similar materials. We took some pictures of the 7068 and

some of the digested USP28 and it looks pretty similar in
size and, rio doubt, In the chemical composition. Again, Don,

we know that there is fiber damage, 10ut we cannot see

anything but filler, and we get this coating again (Figs. 10 &
11).

Maybe your filler is still stable at 8000 .

We completed all the fiber work first because we did not

want to spend all that time working with the filler until we

were sure that we had a procedure that would get the fiber

out. We have only clone a few experiments where we have

actually determined both fiber and filler content, and this

Is the kind of variability that we are seeing. This just

shows you whether or not we used centrlfugatlon for the

filler content (Fig. 12). These are the digestive

temperatures (Fig. 12) and digestion times, and the conditions

specifically when we started.

The resin number Is In the sum of those plus the resin

equals 100.
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One thing that you have to be very careful of here Is that
these are all determined on "as received" specimens which

have about 4.28 percent water.

Are you running any controls using filler as opposed to the

acid?

Thus far, these are the 3 control experiments that we have

run (Fig. 13), and we are still doing this work right now.

These are approximately the same weight amounts of fiber

and filler that we were getting with the digestive composite.

That is 1/2 micron In diameter upon the vessel, so maybe we

are losing some.

Is there a chance that there is something else in that filler

that you are losing due to the extraction process?

I understand that 7068 filler, so I should not comment; that

Is, I think, Flberlte's filler.

Is there any other constituent In that filler besides

carbon? 0o you expect to see a certain degree of organics.

I have a record of what our normal carbon assays are. As

to what Is In there, beyond the ash carbon content, I ....

carbon assay type filler or 6% ....

My point here is that if you have an organic constitute that

goes through the carbon analyzer, some of that organic will
show up in carbon. Your carbon assay number will be

relatively low. The only reason why you are getting such a

low recovery when you go to your leaching process could be

the fact that you have pulled out some organic constituents.

Am I Interpreting that correctly, Eric?

You could be.

I cannot real ly comment because I real ly do not know. We
have never had much success using this type of

technique using carbon resins. We used It a couple of times,
years ago, and came up with .... We did not carry it through
as well (Inaudible--someone dropped something to distort

sound). We hold It any particular

temperature.

It Is very time consuming and messy.

It also ate up the fibers (group discussion).

I have to ask an embarrassing question. Why, are you

running these acid extractions. Is it for Informational
purposes or with the intent that you thought they would be

applicable to the program?
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To this program I am not sure what the needs are. I know
that we at SoRI have a need to know the resin content in
order to correlate It with the mechanical thermal

temperatures. Apparently, NASA needs to know, also.

We do have that need at the NASA program, but there Is a
test for measuring resin content.

They use the K factor ancl a partial analysis (group

discussion). I was not sure If that Is what your reference
was in this oxlclatlon at 390 to 4200C K factor. I think that

Is referring to that test method.

NO, they go much higher than that.

What Is 4200C?

It Is less than 10000C.

I do not recall that test method ever being published.

We are up In the 1500. There Is a vacuum pyrolysis

technique that has a factor that Is used In this program for
laminates. You are basically looking at another technique
that produces not only a resin content number but also

turns around and separates the fiber from the filler and

gives you an opportunity to get three numbers out of it.

The last thing that we dicl was to look at the 95 percent 13-

hour digestion of the specimen. The filler recovery is much
higher than expected. Of course, the fiber recovery is down.

This Is clue to the breakup of the fibers and the breakup of

filter to the filter. The Interestlng thing Is that of all

the sol lcls recovered, more than 51 percent of the expected
recovery which Indicates that the fiber and filler were, for

certain fibers, clissolvlng or trying non-solicl material during
the process.

What Is that percent based on?

This Is based on all that previous clara where we said that

there was 51 percent fiber content In that material and 15
percent filler content.

But Is that on the prepreg?

He takes a pure panel, puts It in the flask, runs the

temperature below 700C, and gets a theoretical recovery at

the rate that agrees with what he thought he put in, namely
51 percent fabric out for 51 percent laminate. If he raises

the temperature to 950C, the recovery for that species

goes down.
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How do you know that you have 51 percent fabric in your

cure test panel?

Going back to the graph In Figure 4, anyone can see that the

amount of the digestion remains constant over all this time

here. Therefore, we are assuming that this Is strictly

fiber.

His weight loss slope for number of hours was resin loss and
It was pretty constant. Then suddenly it flattened out and

stayed at 51 percent, which was recovered amount of fabric.

But If he goes too high In temperature or too long a time,

the fabric yield goes down. He Is cllssolvlng fabric because

nitric acIcl apparently can dissolve this kind of fiber above

a temperature threshold.

I still have difficulty with that. The amount of fabric does
not have a particular test specimen if he how the test

specimen was cured.

These were all taken from the same panel ancl the same block,

which we assume has the same fabric content.

But clo you not know what it Is?

He made a panel that was 16 mill ply thick, so he had

basically a fairly coarse panel (probably no flow, not well

consolidated), but he weighed the panel, and essentially he
knows that he had a ply of fabric In each one. He should

have had and I think that that Is my Inference in that. It

would be nice if you ancl I were sitting with the area weight

of the panel ancl the number of plys and say that that does
Indicate that amount was there. But we would assume that

there Is a weight loss ancl then a crack, and that is the
number that he recovered as fabric. He physically got that

back In his hands and said that 51 percent of what he

started with is a piece of fabric; that agrees pretty well
with what he exDected the resin content to be. The

complement of that Is resin plus filler, which agrees pretty

wel I.

We looked at many of these fabric recovery under SEN2 and
all we could see were the fibers.

Eric, under what conditions are these clupllcate or triplicate
samples? If you run 2 or 3 samples at 20 hours and 7000C,

what would you expect?

We have done some of that.

At 20 hours and 670C, you would get 54 percent. At a higher

temperature, you would get to where you wanted to be. That

Is not a long enough temperature time extraction; that is
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too much extraction temperature time. There is one band

that gives you the answer that you should get.

If you stay with 20 hours at 650C, your first value would be

54.73. If you run the second test at the same conditions,

what varlatlons would you get?

We looked at the feasibility within this zone (Fig. 4).

Outside this zone, If missed by one half hour, the variability

would be greater because resin is moving. Here Is a fairly
constant condition; the resin Is gone and the fibers are

Just wet; nothing has changed. We ran 3 specimens In this

zone and got 51 1/2 percent + 2 percent. From this we
m

concluded that the nitric acid digestion could be usecl to

cluantify the absolute amount of fiber fillers. The digestion
at temperatures at or below 700C are reclulred to

clual itat ively recover carbon fiber. Digestion at
temperatures above 8oOc results In visible fiber pitting;

digestion at temperatures above 80Oc resulted In some

chemical dissolution of the carbon carbon fibers. Digestion

of carbon phenolic by nitric aclcl Is sensitive to the

moisture content composite. To eliminate this sensitivity, I
recommend a digestive time of approximately 48 hours and
700C. Some of the advantages of the procedure are that the

procedure recluires a small amount[225a procedure

labor Intensive, can be done with a little amount of training,

and the procedure IS nearly Insensitive to modern

fluctuation of temperatures.

Some of the future work that we are going to do iS tO look
at different filter sizes to see If we can recover a little

more filler and then look at the pure resin to make sure

that we are not somehow trapping some of the resin residual

In the carbon fiber and filler. Then we are going to use the
SP28.

How do you define a pure resin?

We have some pure resin blocks made up. (group discussion

by Hemmalman and Turbak about pure resin).

Has anyone looked at trying to sulfanate out this phenolic
and convert It to a water soluble ?

Are you saying sulfuric aclcl or .... ?

With SO 3.

I have never heard of It being attempted.

You may not be able to do It. I know that you can sulfanate
the black carbon in tar because I have clone that.
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Eric, you have recovery of filler from cured carbon and

phenolic composite; the "as received" filler concentration

levels and fiber lengths--where do these numbers come from?

That Is percentage of the initial weight.

Those are prewelghed?

These are preweighed specimens that went Into the digestion.

How do you take care of the moisture content?
mentioned that it was around 5 percent. How do you ....

You

Regularly, we monitor the specimens. The moisture content

cannot be taken out and the filler digestion be done, so we
clo sister specimens to cletermlne what the moisture content

was In our dried and "as received" materials.

To reiterate my question Eric, what you did Is weighed the

fabric before you started?

Those were done dry. We dried the filler and the fabric and

made up our own samples. We had some pure TCA3 fabric and
had the fabric that had not been put in the composite.

There Is no resin In that .... ?

Correct.

I want to mention the Information on page which
discusses the recovery of the filler 34-B, 35-3, 31-3, 25-

,,..

Those are composite specimens.

So you started from scratch and macle these. Do you see

the "as received" fiber content at the end of the column?

That was a prewelghed out amount of fabric.

No, this is fully cured material.

That is my next question. With these numbers then, did you
clraw this curve?

Essentially, yes. The same numbers there are 50.5.

The curve and these numbers, which was first?

The both occurred at the same time. Those numbers are

these numbers (referring to Flgs. 4 - 8).

C. Heinze How do you know that It Is 51 percent fiber?
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The starting laminate weight is 100 grams; he recovered 51

grams of fabric, 13 grams of filler, and the percentages ....

...and selected those digest times in temperatures.

Right. The yield was 13 grams of filler and 51 grams of

fabric, and he had a 100 gram laminate (he Is giving you
these round numbers) that became those percentages.

I see that on the agenda that we should have an open

meeting, discussion, and recommendations. The only one that
I can think of Is the recommendation that we support

Flberlte and U. S. Polymeric In their Investigation of that

resin ultrasonic test equipment. Does everyone agree that
our official recommendation is to support those two In their

continued evaluation of that particular piece of equipment

for resin content.

We need to tackle the carbon assay, though. Did we come up

with something on that?

Yes. We are going to Institute some round robin testing,
and I will work with the 3 carbonlzers Involved, who usually

work great together. I will also work with Lou Ann.

These r ecommendat Ions go out as a committee
recommendation, so everyone should Indicate either yea or

nay. We attach a list of attenders to the recommendations
and Indicate that these are the recommendations of the

committee. Is there anything else that was brought up today
that needs action on?

I would like to hear from Lou Ann about the GPC work at

NASA. Are you continuing it now?

Well, I am working on a different program from Tom with our

GPC. The degree of advancement Is not what we are looking

for. We are Just doing characterization studies on prepreg
materials. There Is no standard acceptance test on GPC for

carbon cloth phenolic prepreg.

IS there anyone else?

You know that as I mentioned, Bill, I would like to bring Ul_

the subJect of density measurement, something that this

committee should be considering.

Sure.

I think that with the current system, you may be able to get

by, but as you move Into higher carbon materials, then it

becomes a real problem in how you measure density. These

are 3 density techniques that are usecl for fibers in the

Industry. This Is the test method used for all high modulus
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fibers someway or another (Fig. 12). We use chlorobenzyne as

we measure it. It Is not a really nice thing to work with In

the high modulus fibers. When you get Into the lower modulus

materials, then water presents a problem. This was the

study that we did some years ago ancl it compares those 3

methods and what happens when the results are obtained.

These results tell different things about the fiber. This is

In shuttle type material, this Is the higher modulus material,

anti this Is WCA. When you use helium, you look at poroclty

In very fine carbon anti get very high numbers. These are

also. You can get about any number you want here, depending

on how long you subject the material.

How long clo you wait for pore intrusion or how many runs

that you make can develop different numbers?

As you move to the higher modulus materials, you start

getting quite a drop off here. When you look at the lar, you

are measuring another sized porocity, and this Is the

porocity that 15 In pretty good measure of how active your
fiber Is. You can still get your high number with the

standard material and with the higher fired; now it

takes a significant drop. Then when you go to the
orthodichloro benzene, however, these numbers all come in to

being pretty close to one another. They do, Indeed,

represent what you get in composite. Now, depending on what

you are using this number for, is density trying to tell you

something about the material? (tape ended)

I see a cllchotomy. If we continue using helium and water as
a test methodology for measuring the density of fibers, and

we put that criteria on the manufacturer, we are limiting

the firing temperature that these people can use. We are

forcing them to keep their temperatures down. I personally
do not think that that is the direction we want to go. I

would rather encourage people to do a higher carbon assay
product. I think that what Miles Is Dointing to is the
problem. I would like to hear some comments from Don as far

as what Hltco's position Is on this.

I have always saicl that the density of the fiber depends on

the medium that you measure It In, anti for years I have

resorted to using phenolic resin to get the density of the

fiber so that I could, essentially, start to calculate what

iS true laminate density, my voict content, ancl so on. If you

use the helium plnknometer on the surface active rayon

carbons, you get an Inane number. In fact, ours does not

even hold still long enough to make the measurement. It

literally runs up and down. I think that the VCK class of

materials Is probably right on the border of being good, and

it is great In WCA. You can get a very rapid measurement
and the same answer in helium as you get in composite.
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I do not care what medlum you use with WCA because you can

get a pretty good number.

Yes. I guess that I am not certain what your
orthodlchlorobenzyne does on the low modulus materials.

It Is too big to fit In.

It gives a too low number.

The molecule Is too big to fit Into the , so It comes out

very similar to the composite. I think that is the kincl of

number that Pat gets with benzene.

The molecule Is big enough that It acts like a composite
resin.

That is coming close to the best choice that we can make.

If yOU really get down to It, the water number Is not much

good for spec purposes. There ls really no use in building a

spec range wide enough to say that the fibers are 195 or

175, and as far as I am concerned, it really does not tell

you much about the reality of the material in its

performance. It was Just convenient to use.

Would you be amenable to a specification change that would

measure the density with dlchlorobenzene? I have seen

pretty good correlation between those numbers and what l

obtain from the gradient column. The gradient column does

have one adverse aspect: the column must be used

consistently, and It is a little more time consuming. The

manufacturers may prefer to merely change the fluid. I think
that there may be a time dependency, Miles, I.e, how long you

let It soak. I see It in my tests and I am sure that if you
let yours set for 24 hours, then your density results will

change.

We really do not want to have to ....

The only reason that I like to use a gradient COlumn Is

because I can get a feel for micro pore structure. From a
scientific standpoint, It Is good,.but I do not know if you

want to Incorporate It Into the NASA program, at this time.

Gene, what are your feelings?

Well, you taught me how to use the gradient column and I am

accustomed to It by now.

You have not had any problems with monitoring fabric

manufacturing product.

None.
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Pat, would you grade the time that you spent with the

gradient column equivalent to or less than ???????????? by

the standard technique?

Less, because you do not stand there and watch It. You
stick It In and come back later. I also do not think that you

have to use the column continuously. It still works well at

time after being Idle for 6 months.

We have excellent aging, years.

We will take that under advisement and check on It before

the next meeting. Is there anyone else?

This Is somewhat off the subject, but has anyone noticed

any fall off in WCA properties over the last 2 years in
terms of densities?

I have clone a summary on It. We approached that looking at

serf values from 1983 through 1987 and saw the decrease in

values in 1987 and 1988, which Is the acknowledged time that

they changed method measurements. They changed the
equipment which changed the method and showed a drop from

numbers of 142 to 147 In the time period before 1987 down to

138 In 1987. Then In 1988, the numbers went back up to 141.

We took our prepreg composite serf values for the same

years and did not get them down to a one-on-one comparison,

but 50 numbers In one year, 80 In another, and 100 in

another year. We do not see the 1987 drop happening In

those composites.

We went back and measured some of those by the old

techniques and also by the dlchlorobenzye, and we
found that the values were consistent throughout that time.

What, then, is your conclusion?

We were embarrassed because it was not caught by the

people looking at the serfs because they definitely ....

Did It still meet specs?

It met specs, but unfortunately they were not using their
statistical process control charts at the time, which now

they would catch that and say that something Is going wrong.
The difference In the equipment was that one required a

larger sample, but they did not change the sample size. So
In the helium plnkonometer, the size of the sample has a

large factor on the end results. Once you get down below a
certain ....

Miles, are you saying that the erroneous data came from

using the helium pinkonometer?
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M. Towne Yes. In the new equipment, the cavity is a different size

for the size of the sample and it just made a difference.

When It went to a larger sample size, the values came rose,

even though we knew ....

D. Beckley So, the percentage of sample In the cavity apparently made

a difference in the percent of error that could be created.

(Group discussion about plnkonometer)

M. Towne As Don said, It Is a nice, Inexpensive method, and you can

keep using it as long as you do not change anything. Then

we changed the equipment, thinking that It would be able to
do more samples. That Is what happened.

P. Plnoll This brings up a point for the committee--those of you who

write specifications have to be careful about what you tell

these people to do as far as testing their materials. If
you tell them to use water pincnomotry, then you have to

accept the data generated by that test procedure. These

people are guided by those specifications. The aerospace

Industry is the one who writes the specs that these people
have to live by and they may not be happy with them, but

you have to perform the tests by the procedure.

M. Towne For your Information, we are almost finished with a sample

specification of WCA that was partially written by Morton-

Thlokol, and ourselves, which we have recently submitted
to NASA. In that specification we have dramatically reduced

the range on many of the properties of the WCA that have

been listed before as rains and maxes. Density is one that

has been reduced from 138 to 15 something. Now I think that
It is 142 to 147.

D. Beckley That is Quite realistic.

E. Mills That Is good and I appreciate that, and I appreciate what he

Is saying about once you establish a test method, you need

to stay with that. Unfortunately, where I am coming from is

the program that has had standard specifications WCA

through 10 years now, and I think that you are going to give
me some heartburn In terms of selling It to my customer and

to the Air Force In terms of the changes.

M. Towne This is a spec that is really for NASA, how they want it.

E. Mills Yes, and I can also appreciate that from your standpoint as
a vendor, you would like to do the same test whether you

sell it to CST, ICS, ??????.

M. Towne It Is the same test; It is Just whatever limits.??????

E. Mills I think that you will find that there will be a problem If you

change methods because there Is a paragraph in our specs
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that says "no changes to the test methods without
consulting us."

It was not a change In the test method; Instead, It was a
change In the piece of equipment. It Is supposed to be the
same answer.

Is that different?

Miles, what Is your preferred method for measuring density
of WCA? Do you prefer using orthodichlorobenzene?

Frankly, I think that It Is more tel lable. But If I real ly
want to fincl out what is the density fo a material that I

have that will fit Into this composite, I would benzene.

In the speclflcatlon that Ed Is talklng about, how much

latitude does he provide you; can you use water in that
method, or do you use helium?

I think that one Is probably based on helium.

It Is basically spelled out as a "no change clause" so what
you are doing is what you are authorized to continue to do.

It sounds like you have created a NASA material test series.

NASA wanted to see things tightened up.

He can let you tighten the numbers.

You can certainly supply tighter numbers If you want to

sUpply 142 tO 147 In our spec. I do not know off the top of
my head that that says that It is 138 to 135. What concerns

me Is If the test method has been changed and if our data

base Is, 146 over 10 years with some deviation, and now you

give me a different method that will give me 136 mean for

the same data status,, then It would totally wipe me out.

Understand that It was not realized that there was any

difference in the test equipment; It was merely the size of
the cavity, and the data that Is erroneous Is that data

given to you which we are getting from those low values.

That was the earliest data. Unfortunately when that

equipment looked like it was the same sort of thing, this is

what you buy to do helium pinkonometry.

To a large degree we have controls In specifying equipment,

and I think that for some of the parameters we have as many
as 2 alternates which are considered to be equivalent; I am

not sure that Flberlte and U. S. Polymeric would agree that
there are alternates.

I have never seen specs that really address that. For

examDle, they may list a piece of equipment and say that it
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Is equivalent, but I have never seen a test method tied up

to a piece of ecluipment.

E. Mills There are a couple that are more specific than that that

Boeing helped us with.

M. Towne A good example that we talked about today Is the spec that
calls on the Dupont 99.

(group discussion about this spec)

D. Beckley Apparently It should not be continued and supported either
In that Instance. Do you specify a density range and then

does your fabric spec allow water displacement?

E. Mills I think that you will find that a tightened spec is a little
bit broader than the IUS spec, but I would have to go back

and revisit them and obviously we will do that. The bottom

line is having an established test procedure. You and I went

through this with some degree of cure with Kaiser Involved.
After having established a procedure, we would be concerned

about any changes that would be made without someone

blessing them or doing a round robin.

M. Towne Curing comes into the category with one little piece of

equipment; what clo you do when you replace that?

E. Mills I know. There Is a certain amount of reasonableness in it

and unfortunately this industry is maybe driving it a little

bit beyond the extreme In the other direction in taking the

flexibility out of your test method. But you can understand

why when you get this sort of thing happening as you have

an example up here, I am now going to have to go haCk and

explain to my customer why I do not have density data that
Is consistent with what he thought he had a data base for.

You can make an argument that those things do not have an

effect on density or that your new test method is more

representative. There are new test methods that do, in

fact, give you a better value of a given parameter than the
old methods and a more real number.

M. Towne I think ....

E. Mills Atll am saying Is that if we start changing things, we need

to talk to each other and understand what we are doing so

that there will be no surprises.

M. Towne I think this Is Inherent In the industry before SPC. These

are the things that we hope now to catch when something

like that creeps in. I think the change from the old

equipment to the new equipment on about any material that

you would measure would have proven that this Is the same

ecluipment, the same technique. There Is nothing different;

it merely happened that on WCA the size sample that they
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were using Is going to make a difference. Unfortunately, It
was tested out ancl compared on a pitch material ancl it did
not make a difference.

I seem to keep coming up against a degree of cure problem at
one of my other vendors. We have data for FM5064 that

shows degrees of cures In the 98 to 99 percent range, and
Don tells me that that Is not credible, but I have 30 or 40

data points, circa 1983 to 1985 or 1986, none of which

violate that. Then I get very critical ancl start looking at

It. I think that I probably have a more realistic test now,

but I am coming In the 95 + 2 percent range, which Is where
Don tells me I should be.

Talking about FTM..(MilIs and Beckley both talk at the same
time--conversation Is Inaudible).

It is something that has been locked In the standard for, In

this case, 10 years. In the case of Titan plane, 25 years
has been an Industry standard.

Is It as goocl as the ASTM would lead us to believe?

I am looking at a data base that has a fairly low standard
deviation and it has those numbers.

How do I know that that Is a bad test?

It Is the same thing. You check out your test with pitch and
it Is okay ancl maybe It Is not okay. Now we have a round

robin going to run approximately 6 (it may have expanded to

10 or 12 specimens) in 10 or 12 labs, and we are going to try
to all that. If It Is a bacl test, then we can have the

clara that will say exactly what It Is In that test.

We have encountered a problem for the group to think about.

If there is a cured laminate (this piece of material), and for
the test to be run, It must be communuted. It has to be

broken up and ground clown into something that is more

extractable so that a fluid can get In ancl attack it. If the
composite Is merely ????? then a limited amount of surface

occurs and no answer Is found. The particle size must be

obtained, ancl the way that this is clone is to use a machine

tool and get some shavings In the process from the very

point contact on the machine tool. Then some additional
material Is cured ancl the end result Is that the 98 number

reproduced time after time. From our experience we can take

the heat resin in the laboratory, not mess It up with fiber

ancl filler, ancl fincl out that it only produces a 95 percent

number; therefore, we know that 95 percent Is the right

number. When we see people reproducing the process and

getting a 98, we have to assume that there Is a reason for

it; it sounds like this machining Issue Is what is producing
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the number that Is repeatable , but It Is not the correct

number.

Would the 95 percent on heat resin be about the same as 98

on ....

No, I am making the correction. I am saying that the

equivalent of a 95 number and the system Is designed not to
have a complete cure. It Is a carbon carbon resin, and we

like some degree of freedom up to 7000 for the atoms to re-

orient themselves, so It Is supposed to have a high

extractable number after a 325 cure.

I was merely pointing out that a test has been conducted

over a period of years In an established data base and then

suddenly the test is improved. Now I, as an Intermediate

vendor, will have to sell my customer--the Air Force or NASA

or Boeing or whoever that happens to be--on the process.

Justifiably, they are concerned.

Morton Thiokol Elkton reported WCA at 1.38 specific gravity.

I questioned if that sounds reasonable for WCA and I would
be concerned. From all the data that I have ever seen on

the WCA, I would be concerned. I have never seen anything

that low. Something has happened to that fiber, something

that Is making It uniquely different. Now, It turns out that
it was test error that was Introducing those numbers.

Elkton made the comment that "we do not like surprises."

What you are saying, Miles, Is that we made a mistake in our

laboratories and someone should have picked that up.

We are Just as guilty In that we look at the serfs and
Kaiser looks at the serfs in between and then we do not pick

It up until all of a sudden we see a low density problem on

the end. Then we start retracing our steps and we should

have been doing our homework as we went, as opposed to

waiting to the end.

Don caught It and confronted us with It, but he had not seen

it In what he was putting out, so we did not get excited

about It.

It met his specs.

YOU are telling me then that I thought I might have had a

correlation and you have just eliminated it. I am really
upset with Miles now. Actually I would rather hear him say

that the product has not changed. There was some concern

that there may have been a change in fiber source. Granted
that Is a pre-Avtex problem but that cropped up as being a

potential, which we were very concerned about. So, I am glad
to hear that It was the test method. It Is much easier to

live with when I have exit cones to produce.
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I have learned that manufacturers seldom have a separate

set of standard procedures to test their materials to. I

hacl hoped at one time that they did. In other words, I hoped

the carbonlzers tested to a higher standard than what they

tell you. Miles told me, when I asked him what was a VCK,

that VCK Is what your specifications says it will be. They
do not have any secret file of specification requirements

for VCK, but if you call out a product spec, they will

produce that material to meet that specification. The guy

down the street has a slightly different specification and

they will produce a VCK that will meet It. You must learn

the name of the game which Is that you have to write a

specification to meet your reclulrements. Whether It Is right

or wrong, that Is the reality of the situation.

We do that and we recognize that they Quite frequently know

more about their process than we do, a lot of which is

proprietary. Obviously and understandably, I do not expect
them to tell me all of that and I do not expect them to put

tt into spec; that Is why we put the "no changes" paragraph

after Its clual Iflecl for use. We clo not expect to see

changes In the materials, and If there are any changes, and
then the vendor goes out business, then come tell us. If

you want to make a change In something else, we need to

discuss it. That is pretty much the way It has to be

treated from the standpoint of if I start putting everything
in the spec that controls exactly the product, that spec

would now be a proprietary document. It would also be

something that I CoUld not do what I do now and that is to
have both U.S. Polymeric and Fiberlte Qualified sources for a

given material or given end Item.

Incidentally, that brings up one other Issue that I Just got
into with my local Air Force representative. Maybe someone

can help me out with my problem. I specified yarn to 300

yarn In a spec and the title of the spec Is "polykrlllonytrily

yarn." Air Force tells me that I cannot specify only being
only Amoco as manufacturer because that violates Feclerai

acquisition regulations. They say that I have to accept any

polyklllonytrll yarn, otherwise, I am violating the law.

Did it meet the specs?

The specs are generic. It meets the tensile strength, the

modulus, strength failure, density, etc.

Can you use bits of higher specs to meet him as the

producer?

What I do Is qualify the sources.

You have a Qualification paragraph that says the materials
must be offered for Inspection and meet the criteria and
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justification that no one else offered the material at that
time.

You are saying then that the Air Force Is saying that you

cannot specify polyacrylonltrile precursor?

I have one air force, namely Aerospace, and the Air Force is

coming In and saying that the general is telling me that they
do not want any changes. In fact, they want toffy

manufactured yarn that Is Imported. That Is what we built in

1981. Then I have the local retired Air Force guy who has

come In as a government QC guy and tel Is me that I am

violating acclulsit Ion regulations. He Is more of a

bureaucrat than an engineer and almost more of a bureaucrat
than a customer, but I have to cleal with him. I referred him

to his Aerospace I told him that they could work it

out and tell me what they wanted and I would build it. I

think Don may have the answer--If the wording Is right on

the paragraph, I do not think It was in case, I will have to
try that anyway.

Generally, at the end of the spec you would have your

modlflecl project list that identifies.?????.

It depends on, for instance, If you have a Navy spat; the

GPLs are totally different. The GPL Is not controlled by

engineering, but it Is controlled by cluality. It provides for
some Interesting debates, but unfortunately they do not

produce much work. They produce numerous of debates.

I have one more comment. Let us say that on the fiber

density you specify 1.35 to 1.5, and the supplier comes in and

tightens the spec from 1.42 to 1.47. Would you have any
problems with that?

I would be happy If he tightens It as long as he does not
change his test methods and as long as my data base is

consistent with what he tightens his to. In fact, we Just

did that on the 2300; we worked It out on a previous data

base which had a previous spec limit of 370 or something
like that. Then we raised it to be consistent with the spec,

but we never used any material over 100 blocks. We had

never seen anything below 430 or something like that until
we ralsecl It, figuring that If we now at 370 and the

average Is 500 and the lowest that we have ever seen is
430, then we are concerned. Yet It is not. It Is not as

rigorous a statistic process control as what I would like to

get Into It for It to be more effective. Some of the

vendors argue ??????? , ancl we are very glad to see that.
In general, with those caveats, I would like to see a tighter

band. Amoco, U. S. Polymeric, and Kaiser, probably all have

their Internal bands and I think that our product Is tighter

than what we were reclulrlng in many cases.
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T. Bhe

E. Mill

B. Hall

As long as the supplies clo not raise the price?

It does allow them the flexibility to evaluate one that comes
in below their requirements and we can buy it. Sometimes we

dO not catch those, but we hope that we catch them all.

Please do not forget to turn In your badges. We appreciate

everyone being here, and you will be hearing from us In the
very near future.

ADJOURNED 4:50 P. M.
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NEC/APPI

CARBON ASSAY - FOSTORIA PROCEDURE

ASTM D3178 CARBON AND HYDROGEN IN THE ANALYSIS OF COKE AND COAL

NOTES:
C02 COLLECTION IN ASCARITE II

FUSED LEAD CHROMATE OMITTED

SAMPLE DRIED 30 MINUTES AT 110°C IN VACUUM

SAMPLE SIZE 0.10 - 0.15 GRAMS - NOT MILLED

VCK

VCL

WCA NO. I

WCA NO. 2

TEST RESULTS -

99.76, 99.57, 99.65

96.88, 97.04, 96.74

99.98, 99.95, 99.92

100.04, 100.07, 100.03

REPRODUCIBILITY

AVERAGE = 99.66

AVERAGE = 96.89

AVERAGE = 99.95

AVERAGE = 100.04

S = 0.09

S = 0.15

S = 0.03

S = 0.02



NEC/APPI

COMPARISON: ASTM D3178 VERSUSLECO

NOTE: LECO TESTS ALL RUN BY LECO OPERATOR

STANDARDIZATION WITH "LOW CARBON" STANDARD

ACETANILIDE GAVE HIGH RESULTS

SUGARWAS UNSATISFACTORY

STANDARIZED WITH WCA= 100%

RAN VCL SAMPLE TEN TIMES

AVERAGE= 97.10% S = 0.15

LOW VALUE 96.88% HIGH VALUE 97.32%

RERAN WCA FOUR TIMES

99.97, 100.16, 100.06, 99.95

AVERAGE = 100_3% S = 0.10

RAN VCL TEN ADDITIONAL TIMES

AVERAGE = 96.98% S = 0.14

LOW VALUE 96.69% HIGH VALUE 97.22%

RERAN WCA TWICE MORE

i00.14, 99.94

CONCLUSIONS: LECO IS OPERATOR SENSITIVE, FREQUENT STANDARDIZATION

WITH WCA NECESSARY (MORE THAN ONCE PER DAY)
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J

TGA OX I DAT I ON STUD I ES

DUPONT 9900 ANALYZER

FURNACE HEATED TO TEMPERATURE THEN SAMPLE

HOLDER TUBE INSERTED INTO FURNACE

TEMPERATURE RISE IN APPROXIMATELY THREE (3) MINUTES

LOW FIRED SAMPLES LOST MOISTURE DURING HEATUP

AND FIRST TWO TO THREE MINUTES AT TEMPERATURE



TGA OXIDATION STUDIES

DUPONT 9900 ANALYZER

FURNACEHEATED TO TEMPERATURETHEN SAMPLE

HOLDERTUBE INSERTED INTO FURNACE

TEMPERATURERISE IN APPROXIMATELYTHREE (3) MINUTES

LOW FIRED SAMPLES LOST MOISTUREDURING HEATUP

AND FIRST TWOTO THREE MINUTES AT TEMPERATURE



TGA OXIDATION STUDIES

DU PONT 9900 ANALYZER

1983 VINTAGE VCL 1090 PPM NA

525°C

HOLDER SAMPLE TYPE ELO__ 30 MIN. WT. LOSS %

PT PAN FAB. DISC 25 CC/MIN 36.8, 36.4

PT PAN FAB. DISC i00 CC/MIN 43.1, q3.1

AL PAN FAB. DISC 25 CC/MIN 40.7

QUARTZ CRUCIBLE ON

QUARTZ LOOP

CUT FIL. 25 CC/MIN 38.6

QUARTZ LOOP HOLDER

NO PAN

FAB. DISC 25 CC/MIN 40.4



TGA OX I DAT I ON STUDIES

ROUND ROBIN TESTS

ALL FLOW RATES 25 CC/MIN

DUPONT8900 ANALYZER

WITH QUARTZLOOP HOLDER

525°C 30 MINUTE WEIGHT LOSS %

SAMPLE NUMBER QUARTZ CRUCIBLE

FABRIC DISC

8 MM

ON HOLDER

CSA 0534 23.5 25.8

CSA 0539 18.8 24.8

CSA 0567 19.3 25.5

CCA-3 42063 19.8 24.5

CCA-3 42099 25.6 31.6

CCA-3 42352 26.3 27.8

CSA N. HOLLY lOB 100 -10 MIN. 100 <5 MIN.

AMOCO VCX-13 16.8 17.8

WCA NIL NIL



TGA OXIDATION STUDIES

ROUND ROBIN

475°C 30 MINUTE WEIGHT LOSS %

25 CC/MIN EXCEPT AS INDICATED

SAMPLE QUARTZ CRUCIBLE

FAB DISC

NO PAN

CSA 0534 4.6 6.1

CCA-3 42063 3.7

CSA N.HOLLY lOB 47.8

AMOCO VCX-13 2.6

EFFECT OF FLOW RATE

CSA 0534 25 CC/MIN

i00 CC/MIN

5.2/30 MIN

6.2/30 MIN
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NEC/APPI

CARBON ASSAY - FOSTORIA PROCEDURE

ASTM D3178 CARBON AND HYDROGEN IN THE ANALYSIS OF COKE AND COAL

NOTES: CO2 COLLECTION IN ASCARITE II

FUSED LEAD CHROMATE OMITTED

SAMPLE DRIED 30 MINUTES AT 110°C IN VACUUM

SAMPLE SIZE 0.10 - 0.15 GRAMS - NOT MILLED

TEST RESULTS - REPRODUCIBILITY

VCK 99.76, 99.57, 99.65 AVERAGE = 99.66 S = 0.09

VCL 96.88, 97.04, 96.74 AVERAGE = 96.89 S = 0.15

WCA NO. 1 99.98, 99.95, 99.92 AVERAGE = 99.95 S = 0.03

WCA NO. 2 100.04, 100.07, 100.03 AVERAGE = 100.04 S = 0.02



NEC/APPI

COMPARISON: ASTM D3178 VERSUS LECO

NOTE: LECO TESTS ALL RUN BY LECO OPERATOR

STANDARDIZATION WITH "LOW CARBON" STANDARD

ACETANILIDE GAVE HIGH RESULTS

SUGAR WAS UNSATISFACTORY

STANDARIZED WITH WCA = 100%

RAN VCL SAMPLE TEN TIMES

AVERAGE = 97.10% S = 0.15

LOW VALUE 96.88% HIGH VALUE 97.32%

RERAN WCA FOUR TIMES

99.97, 100.16, 100.06, 99.95

AVERAGE = 100_3% S = 0.10

RAN VCL TEN ADDITIONAL TIMES

AVERAGE = 96.98% S : 0.14

LOW VALUE 96.69% HIGH VALUE 97.22%

RERAN WCA TWICE MORE

100.14, 99.94

CONCLUSIONS: LECO IS OPERATOR SENSITIVE, FREQUENT STANDARDIZATION

WITH WCA NECESSARY (MORE THAN ONCE PER DAY)
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TESTING CARBON FABRIC FOR

OXIDATION MASS LOSS*

Dr. W. B. Hallt, L. A. Fikes+, and P. C. Pinoli_

tMississippi State University, Mississippi State, Mississippi

+NASA-Marshall Space Flight Center, MSFC, Alabama

tLockheed Research and Development Division, Palo Alto, California

ABSTRACT

Rayon based carbon fabric has been studied to assess reactivity to air oxidation/

gasification. Excessive laboratory to laboratory variability of mass loss data by conventional

thermal gravimetric analysis mandated a more fundamental approach to determine the sensitivity

factors which influence the gasification process. Reaction activation energy and pre-exponential

factor derived from the Arrhenius equation was used to assess the role of fabric firing

temperature and Na catalytic action. Low ten_erature oxidation (400-500°C) was found to De most

strongly influenced by Na catalytic action. At 400°C the oxidation rate was increased 681% by

2,240 ppm Na. The presence of water soluble Na anion significantly reduced the reaction

activation energy from 34 to 21 Kcal/mole. The effect of firing temperature shifted the pre-

exponential factors progressively from 2.49 x 106 to 2.63 x 103 g/g-sec after 2,500eC heat

treatment. The Arrhenius temperature dependency was also used to assess laboratory to laboratory

variance. Reaction rate data generated at ICI Fiberite, Ten_pe, Arizona, and Lockheed Research

was found to deviate by 13°C, when compared at 525°C isothermal temperature.

INTRODUCTION

Rayon based carbon fabric is employed exclusively in the current ablative nozzle employed on

the shuttle redesigned solid rocket motor (RSRM). The shuttle qualified co_unercial fabrics (VCL,

CSA and CCA3) represent a class of "activated carbon" fabrics which exhibit properties not

typical of other con_nercial carbon fiber used for structural composite applications. This paper

addresses the Dare fabric properties which influence air oxidation sensitivity and assess test

methodology issues. The work was performed under the auspices of the NASA sponsored Solid

Propulsion Integrity Program (SPIP), Nozzle initiative Subtask 3.2.1.1 on constituent materials

test methodology.

EXPERIMENTAL

A Perkin Elmer Model TGS-2 was used to measure mass loss of carbon fabrics when heated to

temperature in 5 minutes and held isothemmal for 30 minutes. Perkalloy magnetic transition at

596°C was used to calibrate furnace temperature. Fabric samples were prepared by cutting equal

quantities of warp and fill yarns, 2-4 mm in length. Each TGA sample was pre-weighed to 4_0.4 mg

and packed into a 4 nun ID glass tube prior to being transferred a quartz TGA pan. Pre-packing of

each sample provided a consistent preform for transfer to the quartz pan. Bottled dry air, Linde

UN-1002 with <3 ppm water, was employed with a constant purge rate of 25_3 cc/minute. The

programmed heating cycle employed a heating rate from 25°C to temperature of 100°C/minute,

followed by an isothermal hold for 30 minutes.

DISCUSSION

The classic method to study the oxidation/gasification of carbon materials is compliance to

the Arrhenius equation:

where:

k - Ae -Ea/RT

k - specific reaction rate, sec -I

A - pre-exponential factor, sec -I

Ea - activation energy, cal/mole carbon

R - gas constant, cal/mole - eK

T - absolute temperature, °K

Specific reaction rates can be normalized to initial specimen weight or surface area.

this study we chose to use the specimen weight at the onset of reaching the isothermal

temperature.

In

*This work was performed under NASA contract NASAS-37801, Solid Propulsion Integrity Program -

Nozzle Initiative SUBTASK 3.2.1.1 at Lockheed R&DD, Palo Alto, California. Paper presented to

JANNAF Rocket Nozzle Technology Subconmtlttee Meeting, NSWC, Silver Spring, _ - October 17, 1989.

Approved for public release; distribution is unlimited.



The hete=ogenous carbon-oxygen reaction rate of carbon fiber can be predominantly influenced

by one of three zones. 1,2,3

Zone : relates to surface chemisorption of oxygen and concurrent desorptlon of CO or CO 2.

Activated carbon, such as the qualified shuttle fabrics, respond strongly to this process. Zone

[ influence is generally predominant at low temperature (<500"C) .

Zone _I involves the diffusion of oxygen into the fiber micropore structure and diffusion of

CO or CO 2 out of the pores. Zone II is generally predo_tinant at moderate temperature

(500-650°C).

Zone III involves the diffusion of oxygen through a stagnent gas stream of CO and CO 2 at the

carbon surface. This is co,=nonly referred to as the "reaction controlling factor", i.e.,

reaction products must be removed to allow carbon access to oxygen. This zone is generally most

influential at higher temperature - (>650eC).

The issue of Zone III influence on TGA assessment of fiber oxidation rates at lower

temperature was highly suspect due to the pan shape and variability of fiber packing. The TGA

quartz pan employed in this study was about 4 mm in diameter x i mm deep. In order to minimize

packing variability, a preform of 4_0.5 mg fibers was compacted prior to being introduced into

the quartz pan. Reaction products (CO and C02) were not allowed to stagnate by using a high flow

rate of air, 25 oc/min, directed into the quartz pan. All of the TGA runs conducted for this

study were to a linear programmed heating cycle from ambient ten_perature to temperature in 5

minutes followed by a 30 minute isothermal hold. Isothermal temperatures were chosen to obtain

measureable low rates that would p=eferrably fall within Zone I influence.

The influence of fabric firing temperature, Na level and surface area was investigated by

evaluating the reaction kinetics of 5 rayon based fabric variations. The properties of these

fabrics are stu_wnarlzed in Table I. Experimental 10B fabric represents the effect of low firing

temperature (<1300"C), high Na (2,240 ppm) and high surface area (-800 m2/g). A water washed 10B

fabric was prepared by exposing a sample of as received 10B fabric to 5 sequential soaklngs in

boiling distilled water. This operation significantly reduced Na anion level by about 40%. 4 The

CCA3 fabric represents shuttle grade fabric fired to a 1300°C range. VCX-13 fabric is a higher

fired version of shuttle grade" fabric-fired by Amoco -100"C above commercial VCK fabric. Unique

aspects of vCX-13 vs. shuttle grade fabric is the significant reduction in measured surface area

and moisture adsorption capacity; <7 m21g and 0.7 w% respectively. The effect of very high heat

treatment is represented by commercial WCA fabric. This fabric reflects high purity, no moisture

adsorption capacity and surface area close to theoretical round/solld filament (I m_/g).

Table I. Carbon Fabric Properties

Fiber Carbon Moisture

Fabric Firing Density, Assay, Ash Na Adsorption Surface

Identification Temp. °C g/co** wt w% ppm Capacity, Area, m2/g

w_e**

i. Experimental 10B <1300 1.467 89.6 0.89 2,240/ 24.4 -800

2. Experimental 10B

W/W* <1300 1.467 -89.6 -0.89 -1,000 -16 -800

3. CCA3 - Roll 1300°C 1.482 97.6 0.2 140/170 13.6 476-923

42063 Range

4. VCX-13 >1400 1.472 >99 0.08 25/125 0.7 <7

4C7VCX 13/735

5. WCA >2500 1.448 99.9 0.01 0 0.I 1

*Water Washed 5 tin,Is in distilled water.

**By Gradients Column, 60 minutes

***Weight Gain after exposure to 100t R.H. for 24 hours.

A progressive series of oxidation rates at Isotherraal temperature were measured on each of 5

fabric variations to assess compliance with the Arrhenius equation. Table II presents measured

reaction rates with corresponding temperatures for the 5 fabric variations.



Temperature, °C

Table II. Air Oxidation Rates of Carbon Fabrics

Rates (g/g-sec x l0 °5)

Exp. 10B Exp. 10B CCA3
As Received water Washed (42063)

VCX-13 WCA

400

425

450

475

500

510

525

535

550

575

600

625

650

675

700

3.40 0.70

5.61

9.09 3.00 1.05

16.5 2.37

24.4 12.1 6.30

32.4 16.3

53.7/51.3/61.7 24.0 11.2

69.1

120.9 47.3 25.8

3.78

7.47

15.4

30.1

57.0

The strong influence of firing temperature on reaction rate is evident by the need to

progressively increase isothermal temperature to achieve comparable mass loss rates. The

Arrhenius plots in Figure i however show 10B W/W, CCA3, VCK-13 and WCA all reflect a con_non

activation energy (line slope).

1.08

2.32

3.32

4.93

9.30

13.6

I_ =

I

C

IC)_

1G"

700 675 650 625 6C0 (.7_ .=._0 _.;.S 5C,2, 4;5 ,_{.'3 42.5 400

''".'..",'b,.",,....
<\ ",,,.a

1.00 I._5 1.1C 1.15 I.:0 1.2c. 1.20 1...'" t,40 1.4_. t.,cO

VT ,,Io-3(,/K)

Fig. I. Arrhenius Plots of Carbon Fabric Oxidation Response

The measured high surface areas of 10B WlW and CCA3 did not influence the oxidation reaction

activation energy. Obvlously Zone II oxygen diffusion into filament mlcropores is not an

influential factor effectlng the reaction activation energy. In partlcula¢, the three higher

fired samples, WCA, VCX-13 and CCA3 all reflect an excellent agreement with the Arrhenius

equation - temperature depending. The effect of Na catalytic action is most pronounced with as

rocaived experimental 10B fabric. The rate change at low temperature reflect a significantly

lower activation energy extending up to -500"C and transcending to a much higher energy level.

Activation energy and pre-exponential factors related to the fabric sa_ples studied are

summarized in Table III.



Table III.

Fabric Identification

i. Experimental 10B

2. Experimental 10B w/w

3. CCA3 Roll 42063

4. CCA3 Roll 42063""

5. VCX-13 Roll

4C7VCXI3/735

Activation Energy and Pre-exponential Factor

To 500°C

Above 500°C

Ea, A,

Kcal/mole Pre-exponential Factor

20.8_0.7 1.82 x 102

40.1!2.3 5.29 x 107

34.210.5" 5.53 x 105

37.6!1.3 2.49 x 106

36.2_0.7 6.42 x 105

36.4!0.5 7.23 x I05

6. WCA 32.4_1.6 2.62 x 103

* 4 Data Points only, 500 to 550°C

** Data generated at ICI, Tempe, Arizona

Figure 2 compares Arrhenius plots of as received experimental 10B with 2,240 ppm Na and 10S

after a water wash reduction in Ma content to about 1,200 ppm. Reduction of Na level by water

washing was demonstrated by previous effort. 4 The strong influence of Na on the reaction rate of

10B as received is clearly evident from 400°C up to about 500°C. This low temperature range

reflects a significantly lower activation energy of 20.8 Kcal/mole carbon. Above 500°C the

activation energy is less easily defined (40.1 Kcal/mole carbon) but appears to revert to a

primary Zone I influence. The water washed version of 108 reflects a small amount of Na

influence as indicated by the dotted llne below 475°C, The rate differences between this dotted

line and the as received 10S value can be interpreted as the influence of Na on the carbon-oxygen

reaction. Table IV sucanarizes reaction rate values and normalizes the reaction rate change to %

influence of Na. The effect of Na is most pronounced at the lowest measured temperature of 400eC

reflecting a 681% rate increase.

10:

I

<

i

W

10"

T_'Ce'i%ur_. "C

700 675 650 625 6C0 575 550 525 _C0 475 450 4Z5 4CC

r • ' '

C = E_. IC-=

C = £*0 IC-= w/v,,

1.00 I.(]_ 1,10 I.I._ 11_ I.;,.c I..I0 |._I_ 1.40 1,4.5

VT • lo -_ (VK)
t._O

Fig. 2 Arrhenlus Plots of IOB AS Received vs. 10B Water Washed



TableIv. Effect of Na on Oxidation Rate of Exp. 10B Fabric

Temperature A.R. Air Oxidation W.W. Air Oxidation

°C Rate*, g/g - sec Rate'', g/g - sec

Influence of Na,

% Rate Increase

500 24.4 x 10 -5 12.1 x 10 -5 102

475 16.5 x 10 -5 5.61 x 10 -5 194

450 9.09 x 10 -5 2.54 x 10 -5 258

425 5.61 x 10 -5 1.09 x i0 "5 415

400 3.40 x 10 -5 0.435 x 10 -5 681

* AS Received

'' Water Washed, rates up to 475aC are extrapolated to remove Na influence

The effect of firing temperature on the reaction activation energy is minimal as indicated

by a 37.6 Kcal/mole carbon value for con_nercial CCA3 fabric extending to a 32.4 Kcal/mole value

for high fired WCA fabric. Equally important is the confirmation by the plots of close agreement

with the reaction-temperature dependency of the Arrhenius equation. Lack of data scatter clearly

indicates the predominant reaction kinetics in these temperature ranges is the same [Zone I).

Excellent agreement of the individual run data (lack of scatter] also suggests the influence of

Zone III oxygen diffusion is minimal.

The influence of fiber surface area on the reaction kinetics can be studied by analyzing

measured fiber properties, TGA mass loss, and Arrhenius plots. Measured surface area (by CO 2

adsorption) for 10B, 10B W/W and conventional CCA3 zeflect "activated carbon" values (476-923

m2/gm). 4 The surface area of VCX-13 (<7 m2/gm] suggests pore closure has developed a skin/core

condition; the filament skin being impermeable to CO 2 molecular intrusion and the inner core

reflecting a high surface area. Fiber density analysis by gradient technique has verified the

sensitivity of skin/core pore structure to oxidation. 5 The high fired fiber, WCA reflects a

surface area of 1 m2/gm - no accessible microporosity. In theory, higher fiber surface area

should provide proportionally higher isothermal oxidation rates: and activation energy should be

independent of surface area.

The high measured surface area fibers (10B, 10B W/W and CCA3) therefore should reflect

proportionally higher oxidation rates than VCX-13 or WCA. If we assun, s WCA as the baseline low

surface area fiber (i m2/gm), individual oxidation rates for the other fabrics should be

progressively higher in proportion to surface area. Fabric VCX-13 should reflect up to 7 times

higher isotheL_nal rates as opposed to con_nercial CCA3, 476 to 923 times higher. The Arrhenius

plots show VCX-13 exhibits a much larger 25X increase; however CCA3 reflects a much smaller (than

surface area indicates) 39X increase. This analysis indicates isothermal oxidation rates

increase with higher measured fiber surface area but not in direct proportion to the measured

surface area. The Arrhenius plots do show the strong influence of firing temperature on

oxidation sensitivity. Unresolved however is whether high ten_perature heat treatment is

influencing available suzface area during the oxidation process and/or is reducing exposed edge

plane ator_s of carbon (armchair and zig zag).

The same Arrhenius plotting technique was employed to assess reproduceabillty of TGA data

between different facilities. A series of runs on CCA3 Roll 42063 were peformed at Fiberite,

Tempe, Arizona, for comparison with Lockheed research data. Figure 3 compares the Arrhenius

plots and shows good agreement of line slope (activation energy]. Activation energy values of

the runs were comparable 36-38 Kcal/mole carbon values, Ref. Table III. The line offsets

suggest at 525°C the two runs reflect a potential calibration offset of 12"C. This sensitivity

to calibration was further studied by using the Arrhenius equation lea - 37,600 Kcal/mole and

A - 2.49 x 106 ) to assess reaction rate sensitivity to Isothermal ten_erature. The 525°C

oxidation rate of shuttle grade carbon fabric will double at 549eC [_24eC) and the 450"C

oxidation fate will double at 470"C (_20e). This defines the criticality of laboratory to

laboratory calibration and indicates reducing the current mass loss test tem_rature from 525°C

to 450"C will not significantly reduce oxidation rate sensitivity to calibration ten_perature.

The results of this study on celluloslc (rayon) based carbon are consistent with the

behavior of other hard polymeric carbons. 6 Similar reactivity studies on glass-llke carbons

developed activation energy values of 35+5 Kcal/_le carbon and the effect of heat treatment

temperature is siJnilar. 7,8,9



CONCLUSIONS

The oxidation behavior of cayon based carbon fabric in air was found to be in compliance

with the reaction rate vs. temperature relationship of the Arrhenius equation. The reaction rate

of RSRM shuttle grade carbon fabric in air can be expressed by the following equation:

k - 2.49 x 106 e -37,600/RT

The isothermal oxidation rates of shuttle grade fabric were found to not increase

proportionally to fiber surface areas determined by CO 2 adsorption and the Dubinin-Polanyi

equation. The oxidation resistance of rayon based carbon fiber was found to be strongly

influenced by fabric firing temperature, with oxidation resistance increasing with firing

temperature.

The oxidation sensitivity of Kxperimental 10B fabric is influenced by both firing

temperature and Na anion level. The effect of Na catalytic action is most pronounced at low

temporature and at 400"C the oxidation rate is increased by 681%. The Na catalytic effect on

oxidation rate diminishes with increasing temperature end at 520°C the reaction activation energy

changes from 21 to 40 Keel/mole carbon. Removal of Ne by water washing was very effective in

reducing the residual Na level and the fabric oxidation rate was correspondingly reduced.

These results indicate the oxidation sensitivity of shuttle grade carbon fabric ks

influenced by two factors; firing temperature and Ne level above =1200 ppm. Current fabric

specifications monitor faring temperature by carbon assay analysis and Na content is determined

by measuring the Na level in carbon fabric ash. Accurate assessment of these two factors should

preclude the need for an oxidation mass loss test.
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Representation of cell wall structure in a fibre cell from wood.
Fibre (A) has a Layered structure (B). In a fragment of the central layer of
this wall (C), deposits of cellulose (white) are embedded in a matrix
(black), of other polysac:charides and lignin. The cellulose deposits
consist of many microfibrils (white in D) further embedded in matrix.
Microfibrils consist of bundles of cellulose molecules in crystalline

packing (E). Some polysaccharide components of different wall regions
are shown; note that these are partial structures only (see Chapter 5).
This diagram is adopted from [1 2[.
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Cellulose is a lonc polymer composed of glucose units attached end-to-end

by o-vygen linkages.

Hate.'ial

native cellulose

wood pulps
%ire cord

cellophane
cellulose acetates

Number of Glucose Units

3,000-i 0,000

700-2,000
_oo-60o

300

200-1,00

Except for the two end units, note that each glucose unit has three

hydroxyl 6roups, (2), (3), and (6) that are used lor reaction sites for

preparin6 cellulose derivatives.
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PROPERTY VALUE

D.P. (CUENE I.V. >2.0)

TENSILE STRENGTH (Tc) (COND,)

TENSILE WET/Tc

ELONGATION (COND.)

ELONGATION (WET)

WET MODULUS (@ 5% TENSILE ELONGATION)

REWET SWELL (CENTRIFUGE)

MOISTURE REGAIN (70"F, 65% RH)

CROSS SECTION (VICTORIA BLUE STAIN)

S6,5 @ 20"C

KNOT STRENGTH/Tc COND.

X-RAY CRYSTALLINITY

FIBER pH

% SHRINK ON REWET/DRY

No+ plus K_)

Zn++

SULFUR

COBALT

C1®

ORGANIC OIL FINISH

POLYMERIC FINISH

>300

3.0 _+0.2 (g/d)

0,4 - 0.5

<7%

<10%

0.5 4-0.1
<60%

<9.5%

CRENULATED W/ <20% SI(IN

<8%

>0,5

LOW <50%

>5,8 <7.2

<3%

<800 ppe TOTAL

<300 ppm

<900 pl::w_

<1 Ppb

<1 ppm

<0.5%

<0.5%
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POLYCARBON, Inc. ®
A MEMBER OF THE SIGAI GROMP

May 15, 1989

CARBON ANALYSIS - Leco Corporation

Leco, St. Joseph, Michigan, is the manufacturer of our CR-12 carbon

analyzer. They calibrate the CR-12 with a pure compound, sucrose (99.95

+ .05% carbon). This is a "working" standard, not a primary standard.

However, it is traceable to a NBS (National Bureau of Standards) primary

standard.

After they calibrate the CR-12 with sucrose they analyze their secondary

standard, petroleum coke. They do this by taking a representative

sample from a well-mixed i000 gram batch. The petroleum coke is

analyzed 50 times, then an average is determined. This average, plus

two-sigma (two standard deviations) are recorded on aliquot sample

bottles then sold for purposes of calibrating customer's CR-12 machine.

The total accuracy of the CR-12 carbon analyzer is _ 0.5%. This

includes the accuracy of the petroleum coke calibration sample.

CARBON ANALYSIS - National Bureau of Standards (NBS)

The National Bureau of Standards has had a name change. They are now

called the " National Institute of Standards and Technology".

In order to provide laboratories and organizations with carbon reference

standards, the NBS will obtain a certain quantity of bituminous coal.

They will grind it and thoroughly blend it. Next, they will send

aliquots to several different laboratories, who will then analyze the

coal by different techniques. Four different techniques are generally

used, but no one lab uses all four techniques. The techniques are:

I) Infrared Analysis (Leco CR-12 Carbon Analyzer)

2) Thermal Conductivity (High Temperature Combustion Technique)

3) "Wet" Chemical Analysis (Coulometric Analysis)

4) Gravimetric Analysis (Combustion-traln Technique)

After obtaining the carbon analysis from the different laboratories,

using the four different analytical techniques, they will average the

values. They will then use the average carbon value as the stated

carbon value for that batch of coal (or SRM). Finally, they will sell

samples of this material to laboratories as a "NBS Traceable Reference

Standard".

28176 N. AVENUE STANFOPIO, VALENCIA, CA 91355 " (B05) 257-0500

I=AX: (805) 257-2755 (General), FAX: IS05) 257-7742 (Sales), TELEX 19-4604
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SCHEMATIC FIF EXPERIMENTAL APPARATUS

FOR NITRIC ACID DIGESTION [IF CARBIqN PHENOLIC CTIMPFTSITES

m
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AtLihn Condenser, 400 mm
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Thermometer,
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200 mL Pyrex FLask,
3 neck, round bottom

Heating MantLe, Electric

= Magnetic Stir :Bar
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Viewgrap.1 9

MD_I II_FR

DESCRIPTION OF BLUE M'S ULTRATEMP INERT GAS OVENS

INSIDE DIMENSIONS
( | NCJ4[$ )
DEPTH

OVERALL DIMENSIONS
(INCHFS )

kLLD.T.U_
VOLUME PRICE
J/_Pl (s}

IGF-6680F-q 20 18 20 q6 35 75 q.1 7.300

IGF-7780F-q 2S 20 20 53 37 76 5.8 8.200

IGF-B8$OF-q 38 20 25 93" 36 72 11.0 I0.400

IGF-gg80F-q q8 2q 36 102 ° qO 83

• INCLUDES 25" FOR A SIDE-MOUNTED CONTROL UNIT.

2q.O 13,800

I
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- - • I .... I " " "
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TGA Weisht Loss Curve for T-650/42, Trace 12F0821, 48 Hours in

OxT_en at 430"C. T]rpicll for T-650/42, T-3OOR ty_e of carbon ya_n.
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PERCENT OXIDATIVE WEIGHT LOSSES OF CARBON YARNS AND CLOTHS

MATERIAL

T-3OOR 12K

T-3OOR 12K

T-3OOR 3K

T-300 3K

T-650/42 12K

CELION IMA-7

T-QOR 3K

T-40R 12K

T-40R 12K

VCK CARBON
CLOTH

VCL CARBON
CLOTH*

VCL CARBON
CLOTH"

WCA GRAPHITE
CLOTH

WCG GRAPHITE
CLOTH

WEIGHT LOSS IN AIR AT
NOTEBOOK 316°C 375°C 525°C 525°C

REF. 1000 1000 1/2 2
163- TRACE HOURS HOURS HOUR HOURS

39-82-5 12FO607R 4.6 93.6 1.38 5.22

37-81-6 12E1217R 3.1 88.0 1.11 3.40

37-81-3 NONE 3.0 82.1 0.77 2.81

39-78-1 3F0407 5.1 98.0 3.47 12.2

39-82-9 12F0821 4.6 0.46 2.94

39-82-11 LOT 5Y62 13.5 1.67 2.70

39-78-3 Q51215 0.13 2.3 0.44, 2.97
0.31

39-78-4 Q51216 0.16 2.7 0.68 2.88
37-81-15

39-82-6 Q60625 0.20 1.64 0.78 3.31

5C4-4, #335 2.48 35.9

LOT 4C4-4, #93 32.2 **

(1983) 38.5

LOT 5C4, #358

LOT 5C6-1, #476

WEIGHT LOSS
IN OXYGEN

430°C 430°C
1000 48
MIN. EQ.L_

11.7 NYA

12.5 NYA

14.7 NYA

16.7 NYA

13.8, NYA
12.2

2.68, 8.36
3.62

1.12, 2.72
0.50,
0.37

0.99, 2.64
0.83

0.63 NYA

76.1

0.08 0.ii 0.30

0.27 0.50 0.42

THIS CLOTH CONTAINS ABOUT 0.1% SODIUM.
100% WEIGHT LOSS IN 72 MINUTES.
97% WEIGHT LOSS IN 400 MINUTES.
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Viewgraph
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TGA on T-40R 12k Carbon Yarn in Air and OxTsen at 10"C/M_nute.

"1" in Air; "2" in Oxysan; "3" in OxTsan, Repeat Run.
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Viewgraph i

ACTIVATION ENERGIES FOR THE CARBON-OXYGEN REACTION"

FOR CHARCOAL, 175-315°C 120 KJ/MOLE (28.6 KCAL/MOLE)

FOR COKE, 315-538°C 220 " (52.5 " )

FOR CEYLON GRAPHITE, q82-593°C 370 " (88.5 " )

"FROM W. K. LEWIS, E. R. GILLILAND, AND R. R. PAXTON,

IND. ENG. CHEM. .g..L[,103q (1952).
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The largest uncertainty in the AOT method is in determining the exact

length of time that a fiber is exposed to oxidation conditions sufficiently

severe to cause weight loss. Our oven takes approximately 40 minutes to reach

430°C with a loaded rack of fibers. After the 16-hour hold, the oven cools to

150*C in approximately 80 minutes. During the heating and cooling periods,

the yarn can be expected to undergo an oxidative weight loss that varies with

the reactivity of the fiber. Since these weight changes are not separated

from the much larger weight loss occurring during the 16-hour hold, it is

important that identical heat treatment schedules be used each time.

To establish the magnitude of the weight losses during the heat-up and

cool-down periods, a trial was made in which three different carbon yarns were

brought to the test temperature and then cooled down again following the

regular schedule. The weight losses incurred during this procedure were 0.16%

for T-300, 0.73% for T-650/35, and not detectable for T-4OR.

Finally, we ran several tests to check on the uniformity of the weight

losses measured in the oven as far as the position in the oven is concerned.

The results of two such tests are shown in Slides 13 and 14. Alternate hooks

were occupied by yarn from one spool of either the new T-650/35 fiber or

T-40R. It is clear that there is a consistent difference, small but

consistent, between the upper and lower racks which can perhaps be remedied,

but the difference is probably smaller than between spools of the same lot or

even samples from the same spool.

In sum_mry, we think we have developed an overnight test for the oxidative

weight loss of carbon yarns which meets the criteria for a OC or acceptance

test and the results of which are useful for predicting the lon_ term

stability of the carbon yarns at other test temperatures. The test is easy to

carry out end the equipment is not excessively expensive.
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C.V. = 11%. The investigation of the reproducibility of the measurements is

complicated by a relative lack of knowledge about the uniformity of the

materials being studied. The results of replication studies on T-40R, T-300R,

T-300 and T-500 ace shown in Slides 9 through 12. Additional information to

lay a sounder statistical foundation for weight loss limits for various grades

is still being obtained.

The proposed A0T involves a few Uncertainties which will be of little

importance as Ions as the test is always carried out the same way. One

concern is that the fiber finish be completely removed prior to oxidation

testing. Most carbon yarns have a size or finish (the terms are used

interchangeably) which is applied by the manufacturer to protect the fiber and

to improve handleability. The amount of finish is often approximately one

weight percent; however, the amount can vary with yarn type and grade. Most

standard finishes can be removed by the recomended preliminary heat treatment

without damaging the fiber. The oxidative removal of finish is recommended

over solvent extraction methods which are tedious, damaging to the yarn, and

rarely complete. The burnoff approach may need to be modified for yarns sized

with very oxidation resistant high temperature polymers.

Another concern is weight changes which accompany the adsorption of gases

from the atmosphere. Carbon yarn, after thermal degassing during finish

removal, typically adsorbs about 0.1-0.2% by weight of gases from the

atmosphere. As the yarn is oxidized and the surface area is increased, the

amount absorbed rises substantially. These sorbed gases introduce an error

into the initial and final weights. When yams are kept in an air-conditioned

room st moderate humidity, the error is small and consistent. In a high

humidity environment, the error is considerably larger and cooling the fiber

in a desiccator is desirable.
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Stainless steel screeninK attached to the racks and a solid stainless

steel panel on the upstream side protects the fibers from the high velocity

gas flow which damases unprotected yarn. A third rack could be nested in the

furnace to increase the number of test samples.

D. A top-loadinK electronic balance is convenient for rapidly welghlnK

the hanks of fiber. A balance with an accuracy of 0.I m4_ is recotmnended.

The weiKht losses for PAN-based carbon fiber oxidized by using accelerated

test conditions (16 hours in oxyKen at 430°C) are listed in View_raph I0 alon_

with data from exposures of I000 hours at 316" and 375"C in air. Fibers with

nominal moduli of 42 Mpsi (290 GPa) are the more oxidation resistant yarns and

they are sorted according to long term weight loss at the more severe test

temperature of 375*C. Since the nominal 32-35 Mpsi (220-240 GPa) fibers often

do not survive long term exposure in air at 375"C, data for these fibers are

arranged by type according to their behavior at 316"C.

The relationship between AOT weight loss and weight loss at 316"C for

fibers in View_raph I0 are shown graphically in Slides 6 and 7. Weight losses

measured by the two methods are strongly correlated with linear correlation

coefficients (r) of 0.969 and 0.879. Weight losses for the 42 Mpsi fiber

tested under AOT conditions and oxidation in air at 375"C are plotted in

Slide 8. The coefficient of linear correlation for these data is 0.924.

The velues for the 16-hour weisht losses shown in View_raph I0 are

averages of four or six different measurements carried out on pairs of samples

in two or three different runs. The coefficients of variation ranked from 1.7

to 33%, the higher values beinK most commonly found for very low weiKht loss

situations. For exan_le, Item 1, T-40R Q60626, save the followins 16-hour

weight loss values: 0.54, 0.57, 0.35 and 0.51%, average = 0.49 ± 0.10%

(standard deviation), C.V. = 20%. Similarly, the Celion G-a0 IMA-5 (Item 6)

save individual values of 1.96, 1.94, 1.55, and 1.74%, average = 1.80 ± 0.19%,
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Twomodifications were made to the oven. A Type J calibrated ther_ocouple

was inserted directly into the test chamber and temperatures are monitored on

a Marlin Thermicator 412A Digital Indicator. Secondly, to reduce the risk of

damage to the heaters or controls by carbon fiber fly, stainless steel

screening was inserted over the circulation holes in the walls of the Blue M

oven. Slide 5 shows a test rack sitting in the oven, with screens over the

circulation ports; the extra thermuocouple at the back is plainly visible.

The handling of oxTgen and the heating of carbon fibers in an oxygen

atmosphere requires strict attention to safety aspects. We have performed the

AOT in the Blue M oven repeatedly without incident. After the initial purge,

the flow rate of oxygen in the oven is set at 2 _/min (4.2 ft31hr) which

is more than adequate to ensure an ample supply of oxygen for the oxidation

reaction. The oven has a chamber volume of 165 _ (5.8 ft 3) and a full

load of 72 three-gram samples of carbon yarn (18 moles of carbon) would

require 450 _ of oxygen (room temperature and pressure) for complete

combustion. In practice, weight losses average 20_ for the more reactive

T-300 type carbon fibers and only 1% for the most oxidation resistant yarn

(T-40R).

C. The sample rack for holding the yarn samples during testing is

actually a pair of stainless steel racks, with the smaller one fitting inside

the larger one. Two pairs of these rack assemblies were constructed so that

one pair could be loaded while the other is in use. To fit the

Model IGF-7780-4 oven, the larger of the two racks is 16 inch high x 18 inch

deep x 22 inch wide and the smaller rack is 9 inch hish x 17 inch deep x

21 1/2 inch wide. Each rack consists of a frame of 1/2 inch strips with four

rods across the top to which are welded nine hooks on 2 1/4 inch centers.

Each hook has a 1/4 inch radius of curvature. There are a total of 72 hooks

spaced so that the suspended yarns do not touch.
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programmed to turn off the heating elements in early morning and allow the

yarn to cool in the oxygen atmosphere. The test rack is removed from the oven

and, When the yarn has cooled to room temperature, the fibers are weighed.

The weight loss may then be calculated or a suitably equipped balance can do

the calculation automatically.

The apparatus required for the AOT consists of four parts: A device for

winding the sample hanks (home-made), a test oven, two racks on which to

expose the samples in the test oven (also home-made), and an analytical

top-loading electronic balance.

A. The sample winder is shown in Slide 2. It consists of a 1/50 hp

Bodine DC motor and speed control driving a brass wheel on which four Teflon-

covered brass screws are mounted. These are shown in Slide 3. Two opposing

screws are fixed, while the other two are spring-loaded. The hank of sample

yarn is wound on these four Teflon posts. A footage counter and knowledge of

the yield of each yarn in m/& is helpful in collecting the three-gram

samples. The holder for the yarn supply spool is on a separate stand.

To insure that the test fibers have not been handled with bare hands or

contaminated from other sources, the outer layers of fiber are stripped from

the package and test samples taken from an inner portion. Fibers are handled

with clean gloves and stainless steel tweezers.

B. The test oven selected for the &OT is a Blue M Inert Gas Oven,

Model IGF-7780-*, shown in Slide 4. The chamber size was more than adequate

for our purposes. As installed, the oven can run with air, oxygen, or

nitrogen atmospheres. A duct carries the exhaust gases outside the building

Which avoids a possibly hazardous buildup of oxygen in the laboratory. Blue M

makes this type of oven in four sizes, shown in View_raph 9, and we considered

the next-to-smallest adequate.
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While investigating the effect of extended times on a standard test, the

effect of a longer exposure to oxygen at 430"C was also examined. A series of

samples was run for 48 hours in the TGA apparatus and the results obtained are

also shown. No differences in ranking and no startling behavior were

observed. A typical cu_e is shown in View_raph 8. Note that the weight loss

curve is not linear and, hence, once again extrapolation becomes difficult.

Another aerospace company has an oxidation specification which is

basically an acceptance test. The test samples are first heated in a vacuum

oven at 176°F (80°C) for 16 hours to remove finishes, but that will not

happen. Then samples are heated in air at 710°F (377°C) for 24 hours. The

results obtained by this method also do not correlate well with long term

exposures at low temperatures. There are several other, similar, tests in

use, none really useful except perhaps as acceptance tests.

Now let us consider the proposed accelerated oxidation test (AOT), which

consists of four steps. First, finish and volatiles are removed from the yarn

by a preliminary heat treatment in air. The thez-mally cleaned fibers are

weighed and the oxidation resistance is tested by heating the fibers in

flowing oxygen at 430°C ± 3"C for 16 hours. Finally, the fibers are cooled to

room temperature and reweighed to permit calculation of the weight loss. The

test is outlined in Slide I.

Duplicate samples of each yarn to be tested are wound into hanks weighing

about three grams and placed on a test rack. Finish is removed by heating the

fibers on the test rack in air to at least 260°C. In the tests described

here, the finish was removed by heatln8 to an oven temperature of 300"C in

air, then allowing the yarn to cool slowly. Next, each hank is weighed on an

electronic top-loading balance capable of +_0.I mS accuracy. The loaded test

rack is reinserted into the oven, an oxygen valve is opened, and the yarn is

oxidized at 430°C in flowing oxygen for 16 hours (overnight). The oven is
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The same type of behavior was shown by almost all of the oxidation

resistant yarns (the new T-40R and the pitch-based yarns) and may, therefore,

be considered typical for this type of material. This shows that reasonably

rapid TGA in oxygen is not a useful characterization technique, at least if

carried beyond about 650"C. But the most serious drawback to isothermal TGA

is that the expensive apparatus can run only one or perhaps two samples per

night, the samples are small (< 30 mg), and the precision of the measurements

is not satisfactory.

Now consider some weight-loss-at-constant-temperature tests. In the ASTH

Method D4102-82 mentioned before, the finish on the yarn is first removed by

solvent extraction. We do not consider this a prudent procedure because not

all finishes are soluble, especially not in the MEK the procedure calls foc,

the finish may not be removed completely, and the yarn is usually damaged in

handling. The actual weight loss due to oxidation is measured for 2_ hours in

375°C, a condition under which very few modern fibers show any measurable

weight loss.

One aerospace company has a specification applicable to carbon fabrics for

space shuttle applications. The procedure calls for measuring the weight loss

of a fabric in a TGA apparatus in flowing air for one-half hour. The initial

heating rate is to be very rapid. The data obtained are shown in Viewgraph 7.

The viewgraph shows the test results obtained in air at 525°C. Even

though the test only calls for a one-half hour exposure, a two-hour exposure

was considered more meaningful for the oxidation resistant materials in which

we are principally interested. The correlation between the 525"C weight

losses and long term weight losses at 316"C and 375"C are much poorer than the

correlations in the proposed AOT test.
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muchon the shape of the curve, and the result is not always meaningful. For

example, in most instances, the "'onset temperature" as defined in this program

is higher than the temperature at which 5% of the weight has been lost, which

is patently ridiculous; the situation is shown in View_raph 3. Now back to

View_raph 2.

The temperature of the 5% (or perhaps 10%) weisht loss is more

meaningful. There is a fair correlation of these temperatures with the long

term weisht loss in air, but their total range is only about II0 °. The method

may be fine for the very oxidation resistant yarns, but examination of the

data for Items I, 4, and 5 suggests that for relatively high weight loss

yarns, the method lacks accuracy. The best correlation with long term weight

losses was shown by the overnight weight loss in oxygen at 4300C.

One other interesting phenomenon was observed with some TGA's in oxygen.

behavior which precludes the use of TGA as a QC tool for very oxidation

resistant yarn except at time-consuming very low heating rates. Examine

ViewKraph 4. All three curves are on the same yarn, T-40R 12k. Curve 1 was

taken in air. Curve 2 was taken in oxygen, and because it seemed so strange,

the run was repeated. The repetition is shown as Curve 3, and the same type

of behavior was seen again. View_raph 5 shows the same data as Curve 2, but

now the weight and temperature are plotted against time (the heating rate was

10°C/minute). Noz-mally, the temperature versus time curve is a straight

line. The blip seen suggests a sudden, strongly exothermic reaction. The

region of the blip is shown on an expanded scale in View_raph 5. We suspect

that the oxidation resistant yarns have a much later onset of oxidation, but

once the exothermic oxidation besins, the sample may set so hot that the

carbon actually begins to burn, leadins to the observed rapid rise of some 60"

in the temperature of the sample, rapid weisht loss, and enoush turbulence

accompanyins the combustion that the weight readinss become meaningless. The

problem can be avoided by runnins the TGA very slowly, so that the sample

oxidizes in a smoother fashion and does not actually catch fire. Such a TGA

of the same yarn at 2"C/minute is shown in Viewgraph 6.
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the time some specified temperature is reached, or the temperature at which a

particular percent weight loss is reached. In addition, programs exist which

allow the calculation of activation enersies and from these the time in which

a material would lose a specified fraction of its starting weight at a given

temperature. This last is the procedure used by C. H. Sheppard of Boeing, but

it is a method about which we have serious misgivings because the

extrapolation used is linear while the actual behavior of the carbon yarns is

not.

In the initial efforts to find a QC method, thermogravimetry (TGA) was

investigated and, in fact, the AOT was first developed using a DuPont 990

Thermal Analyzer for isothermal weight loss studies as well as in its more

conventional (changing temperature) modes. Some results from the study are

shown in View_raph 2 which also contains the results of some long term

oxidation studies with which the QC method must correlate. Then there are the

TGA weight losses on all of the yarns in oxygen in 1000 minutes at _30°C. One

thousand minutes are 16.67 hours, which is an overnight run on an unattended

instrument. Runs at 316 ° and 375°C were not useful.

Another thermogravimetric method was the TGA-to-850°C weight loss curve in

oxygen. Information extracted included the temperatures at which 5% or 10% of

the initial weight was lost, the weight loss to 600°C, and the temperature of

the onset of oxidation. Let us dispose of the last two items first. The

weight loss to 600°C is too small to be useful as a QC tool and is in no way

related to the long term weight loss. Probably different mechanisms operate

when the temperature rises above 450°C. The onset of oxidation is difficult

to define. Ideally, it should be the temperature at which a discernible

weight loss first occurs, but that is hard to determine. The way the

instrument software defines the onset of oxidation is to draw extrapolated

streiaht lines from the early portion (nearly horizontal) of the weight loss

curve end from the steep (vertical) portion. The point at Which the7

intersect is celled the onset of oxidation, but those two slopes depend very
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fibers will not show significant weight losses. Short ter_u tests (less than

100 hours) at the use temperatures of polymeric composites (300"-400"C) in air

are better suited to check lot-to-lot consistency of the same grade. The

mechanism of carbon fiber oxidation involves the formation of surface

complexes of carbon and oxygen, many of which are relatively stable. Carbon

samples often show a weight gain during the first few hours or days of

oxidation. Therefore, the initial stages of a weight loss curve cannot be

correlated with the long term weight loss. Furthermore, the shape of the

initial weight loss curves depends on fiber type and oxidation temperature.

Obtaining a substantial weight loss in a short time requires the use of

temperatures well above the intended use temperature, but the mechanism of

oxidation and, therefore, the activation energy depend/in part on the

temperature (View_raph I). Hence, extrapolation of weight loss data over any

significant temperature interval is not accurate or useful.

(2)
Zn a paper which we gave at last year's Carbon Conference, we showed

that the mechanism of carbon oxidation probably does not change significantly

from 300 ° to 430°C, though it does begin to change above that temperature.

Hence, 430°C was taken as the maximum acceptable test temperature. Also, the

oxidation rate is increased substantially, as expected, if air is replaced by

oxygen. Hence, a new method was developed using oxygen at 430°C as the test

environment. But before discussing the new method, which we call the AOT for

accelerated oxidation test, I want to mention some of the methods proposed by

various other organizations.

Thermogravimetric measurements have become widely used for both research

and QC purposes, in pert because reliable and simple instruments are

connnercially available along with various software packages which allow the

rapid calculation of many different characteristics. Most thermogravimetry

involves welsht seins or losses as a function of temperature at specified

heating rates. QC parameters allegedly readily calculated by available

software include the temperature of the onset of oxidation, the weight loss by



AN ACCELERATED OXIDATION TEST FOR OXIDATION RESISTANT CARBON FIBERS

A Talk Given by Bernard H. Eckstein at GE-Evendale in August, 1988

This talk is a preview and an expanded version of a paper which will be

presented by Jack Ba_T at the SAMPE Conference in Minneapolis next month. The

work described was started almost two years aso. Amoco needed a reasonably

rapid quality control test for its oxidation resistant carbon fibers and

considerable work had convinced us that the existing short time tests did not

correlate well with long term oxidative stability. At the same time, GE

wanted to develop an acceptance test and it made sense to try to have the two

tests identical. Amoco was willing to share its findings with GE and the

industry, thus eliminating a lot of duplication of efforts. I have twice

before discussed the work here at Evendale as it progressed.

I need to offer an apology for the somewhat disorganized talk; Jack Barr

had slides made for the SAMPE presentation, but my talk will be longer and is

being fleshed out with view_raphs, so the two are being intermingled. I only

found out that I was to give this presentation when I returned from vacation

last week.

As indicated above, the development of special oxidation resistant grades

of carbon fibers for use in high temperature polymer matrix composites has

created a need for a reasonably rapid fiber oxidation test suitable both as a

quality control test for the manufacturers and as an acceptance or evaluation

test by the customer. So far, the only reliable data have been obtained by

lone term heat aging at temperatures close to the intended use temperatures,

for example, measurins the weisht loss of samples in air at 600" or 700"F in

I000 hours. Such tests are clearly not suitable for the purposes stated

above. ASTM Method D4102-82 (I) calla for the exposure of carbon fibers for

24 hours in air at 375"C; under those conditions, good oxidation resistant
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Viewgraph i0

Accelerated and

Item

No.__.__ Yarn Type

42 Mpsi Modulus

1 T-40R

2 T-40R

3 T-40R

4 T-40R

5 Celion G-40 IMA-7

6 Celion G-40 IMA-5

7 HiTex 42-6A

8 Apollo 12k E/IMS

9 T-650/42

I0 T-650/42

II T-650/42

lO00-Hour Weight Losses of PAN-Based Carbon Yarns

% Weisht Loss

Trace in 16 Hours % Weisht Loss in

or in Oxysen I000 Hours in Air

ID No. at 430"C at 316"C at 375"C

Q60626 0.49 0.20 1.64

Q51215 0.81 0.13 2.37

Q70314 0.83 0.27 3.09

Q70315 1.64 0.35 4.85

310141-3 1.41 0.66 13.5

Lot 5Y62

J0107-3 1.80 1.87 21.6

Lot 5952

Lot P195-1 1.52 0.72 27.8

Rel. #5117 5.93 1.27 45.5

12FlI13E 8.55 1.89 89.0

5G0111 9.50 2.12 91.4

12F0821 11.4 3.08 _ ....

33 Mpsi Modulus

12 T-3OOR 3E0820J 9.86

13 T-3OOR 12F0607 8.77

14 T-3OOR 12E1216 12.5

15 T-3OOR 12E1217 12.5

16 T-550/35 6GO429B 11.2

17 T-550/35 6G0505B 10.4

31 T-500 3FI008 7.38

32 T-500 6F0129 9.88

33 T-5OOX 12DI198 21.5

18 T-300 6G1018 8.99

19 T-300 3F0527 12.5

20 T-300 3F0516 16.3

21 T-300 3F0407 11.3

22 T-300 6E0409 10.3

23 T-300 3F0301 18.2

24 T-300 3FlOO8B 18.9

25 T-300 3F0909 17.9

26 T-300 3F0203 21.3

27 T-300 3FlO19B 19.1

28 T-300 3Fl102 21.8

29 T-300 12E0601 25.6

30 T-300 3FI130 26.7

34 Celion G30-500 HTA-7E 37.8

35 Masnamite AS-4 X-432-5A 48.0

36 Celion G30-600 STA-7C 48.4

37 Celion G30-500 HTA-7C 48.6

2.16

2.37

2.98

3.11

2.77

3.46

2.69

2 71"

5 16

2 69

3 29

3 54

3 62*

3 63*

3 84

4.51

4.72

4.87

5.32

6.30

6.72

6.95

13.0

16.3

18.4

20.2

93.6

82.1

88.0

90.6

90.5

80.3

92.9

98.0

" Extcapolated from data to 800 hours in an intemupted test.
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Replicability Studies on Various Carbon Yarns Taken from

Different Spools of the Same Lot. C.V. = 8.9% for T-3OOR,

10.0% for T-300, 33% for T-40R, and 8.8% for T-500.
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